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4. ENVIRONMENTAL CONSEQ UENCES 

 

The National Aeronautics and Space Administration (NASA) Sounding Rockets Program (SRP) 

operations at Poker Flat Research Range (PFRR) consist principally of a series of suborbital 

rocket flights followed by recovery actions.   

In general, each SRP launch at PFRR typically entails the following programmatic components 

that could result in environmental effects and are therefore considered within this Chapter of the 

environmental impact statement (EIS): 

1. Preflight activities, including receiving, storing, and inspecting rockets and assembling 

the scientific payload;  

2. Assembling rockets and scientific payload to make up the launch vehicle, transporting the 

launch vehicle to the launch pad, mounting the vehicle to the launcher, and pointing the 

launcher; 

3. Releasing small meteorological balloons, which have payloads recording data on upper-

atmospheric weather conditions; 

4. Series launching of two small test rockets nearby for radar and telemetry 

checkout/calibration;  

5. The actual launching of the sounding rocket and surface-to-surface flight, lasting a matter 

of minutes;  

6. Immediate post-flight activities, including, in some cases, recovery of the payload and 

spent stages, and storing of the launch equipment; and  

7. Longer-term closure activities, such as removing identified spent stages and payloads 

from downrange impact sites, and restoring these sites to their original condition. 

How Impacts are Described in this EIS 

Project-related environmental impacts are described by their type, context, intensity, and 

duration for each affected resource area.  The levels of impacts and their specific definitions vary 

based on the resource that is being evaluated.  For example, the scale at which an impact may 

occur (local, regional, etc.) would be different for wetland impacts as compared to economic 

Chapter 4 of this environmental impact statement assesses and compares the potential environmental 
consequences of the alternatives described in Chapter 2.  

In addition to providing an assessment of direct and indirect impacts of each alternative, this chapter 
also contains a cumulative effects assessment, which outlines the resulting effects on each resource 
when added to the effects of past, present, and reasonably foreseeable actions within each resource 
areaôs region of influence. 

For a summary of the major findings documented in this Chapter, see Chapter 2, Table 2ï12, 
which is the summary table of environmental consequences. 
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resources.  Moreover, an otherwise minor impact occurring within a sensitive area could be 

considered major given the environmental context.  

Table 4ï1 provides a general overview of how potential impacts are evaluated in this EIS.  

Specific considerations that are only applicable to a resource area are described within its 

respective section. 

Table 4ï1.  Evaluation Criteria for Analyzing Environmental Impacts  

Type of Impact 

Adverse The impact would result in some level of environmental degradation. 

Beneficial The impact would result in some level of environmental improvement. 

Context of Impact 

Local 
The impact would not extend beyond the immediate vicinity of the action causing the 

effect. 

Regional The impact would occur over a larger geographic scale, such as an ecoregion. 

Global The impact would occur at the global level. 

Intensity of Impact (how much) 

Major  

Substantial impact on or change in a resource area that is easily defined, noticeable, 

and/or calculable but may not be measurable, or exceeds a threshold level that may 

threaten the integrity of one or more resource components.   

Moderate 
Noticeable change in a resource occurs, but the integrity of the resource remains 

intact.   

Minor  
The impact is at the lowest levels of detection (barely measurable and with no 

perceptible consequences) or would result in only a minor change in a resource. 

Negligible 
Impact is at the lowest level of measurement or is so low as to be immeasurable and 

has no perceptible consequences.   

Duration of Impact (how long) 

Long-Term 

The impact would likely persist for a period greater than the medium-term impact 

and, depending on the specific resource and project type, would likely extend beyond 

the life of the project.  

Medium-Term 
The impact would only occur for specific, relatively brief periods during the project 

life, interrupted by periods of no impacts (for example, during recovery operations).   

Short-Term 
The impact would extend for short periods much less than the overall project life (for 

example, during launch operations). 

Assumptions 

The characteristics (e.g., launch vehicle, trajectory, and payload) and frequency of missions 

conducted at PFRR are highly dependent upon the scientific objectives of the sponsoring 

researcher and NASAôs scientific priorities.  Therefore, it is not possible to assess every possible 

mission scenario that could be proposed for PFRR in the next 10 years.  

Accordingly, NASA made certain assumptions regarding the types of rocket, payload, and 

recovery operations that would most likely occur; these were based primarily upon past 

experience, interviews with key personnel, and best professional judgment.  These assumptions 

are detailed in Appendices F and G; however, the key overarching assumptions for assessing 

impacts are listed below:  
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 Future launches from PFRR would consist primarily of two- and four-stage rockets (the 

Terrier-Improved Orion [T-IO] and the Black Brant [BB] XII) ; 

 Launch frequency would average four launches per year, not exceeding eight in any 

given year; 

 Launch trajectories would be similar to those flown over the past 10 years; 

 Launches would occur during winter months (DecemberïApril ); and 

 Recovery operations would occur during non-winter months (MayïSeptember) unless 

necessitated by a safety requirement or scientific need. 

Additional assumptions that are only useful for assessing the effects on a particular resource area 

are presented in its respective methodology section. 

It is important for the reader of this Environmental Impact Statement for the Sounding Rockets 

Program at Poker Flat Research Range (PFRR EIS) to recognize that recovery efforts would 

only be undertaken if a post-launch (or post-report in the case of an existing stage or payload 

identified by a person or group not related to PFRR operations) search flight resulted in the 

positive identification of NASA SRP associated hardware.  In the case of newly launched 

hardware, recent searches have resulted in the identification of approximately half of the known 

items.  This success rate is expected to increase as location devices are improved; however, the 

reader should not assume that all downrange flight hardware would be found in every case. 

Therefore, the most reliable (and conservative) product of the assumptions outlined in 

Appendix F is an estimated quantification of fuel usage (and resulting air emissions) of recovery-

related vehicles.  Estimates of flight times (and fuel usage) associated with both search and 

recovery would be considered conservative in that greater emissions would occur when 

conducting both activities.  This would also be the case for noise, in which removal activities 

would generate more human-induced sounds into the natural environment.  However, when other 

resource areas, such as the wilderness values of special use lands, are considered, these scenarios 

may underestimate impacts in that it is likely not all hardware would be removed.  Therefore, a 

range of potential outcomes could result, and the reader should be aware that when appropriate, 

these ranges are presented for consideration. 

How Probability is Considered 

The analysis of several key resource areas, including wildlife, land use, and safety, rely heavily 

on numerical probabilities of flight hardware landing within a particular area of interest.  During 

both pre-mission planning and in real time during the launch sequence, NASA calculates the 

estimated impact points for the sounding rocket stages and the payloads based on information 

known about the launch (e.g., azimuth, payload weight, direction, and wind speed).  While these 

calculations provide NASAôs best estimates of where these items are expected to impact the 

Earth, there is a level of uncertainty associated with these estimates because of the large number 

of variables associated with each launch (explained in more detail in Chapter 2, Section 2.1).  

These variations become even more pronounced the higher the payload or spent stage is 

launched. 
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Each mission employs a specific trajectory and it is not practical to estimate potential future 

impacts from each specific past mission.  Evaluation of past launch data, however, can identify 

trends and areas most likely to be affected by future launches, resulting in a more focused 

analysis.  For this EIS, typical impact locations were established at seven different distances 

from the PFRR launch site, covering a range of possible launch vehicles, to determine the 

probability of a spent stage or payload landing within a number of potential areas of concern 

(see Appendix G) and to develop search and recovery scenarios (see Appendix F).  These impact 

points represent composite points for a number of rocket launches from PFRR over the years.  

They are not intended to represent the predicted impact points for all future NASA SRP launches 

from PFRR, but are intended to show where future launches are most likely to occur and to 

graphically illustrate the typical uncertainty, or dispersion, associated with the most common 

vehicles.  The distances established are as follows: 

 2 kilometers (1.2 miles) ï 1st stage of BB IX or BB XII  

 13 kilometers (8.1 miles) ï 1st stage of T-IO or 2nd stage of BB XII  

 55 kilometers (35 miles) ï Orion 

 200 kilometers (120 miles) ï 2nd stage of Mark 12 T-IO 

 300 kilometers (180 miles) ï 2nd stage of BB IX or BB X 

 350 kilometers (220 miles) ï 3rd stage of BB XII or 2nd stage of Mark 70 T-IO 

 1,000 kilometers (620 miles) ï 4th stage of BB XI I 

These areas are shown below in Figure 4ï1.  More information regarding this methodology is 

contained within Appendix G. 

How this Chapter is Organized 

Similar to Chapter 3 of this EIS, Chapter 4 is organized by resource area.  For each resource, a 

brief introduction is provided, followed by a summary of the analytical methodology and specific 

assumptions used to support the analysis, and then concluding with a presentation of impacts for 

each alternative.  Where relevant, impacts of each alternative on a resource are presented by the 

phase of operations to which they correspond (e.g., launch or search and recovery). 

Consideration of Non-Winter Launches 

For some resource areas, a general discussion of potential impacts occurring from non-winter 

launches is presented.  Although non-winter launches have not occurred within recent years, and 

are not expected to occur, the potential for their proposal cannot be completely discounted.  

Therefore, a high-level assessment of potential effects and necessary considerations is provided 

as a means to identify relevant issues that would need to be addressed should the need for such 

an operation arise.  Given only the cursory level of assessment of potential effects in this 

PFRR EIS, especially those related to wildfire, any future proposals for non-winter launches 

would require more focused, mission-specific National Environmental Policy Act (NEPA) 

assessment, as appropriate.  
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4.1 AIR QUALITY  

This section describes potential impacts on air quality in and around PFRR and under the launch 

corridor as a result of the alternatives. 

4.1.1 Methodology 

Under the Clean Air Act (CAA), emissions of stationary sources are regulated through emission 

standards for certain categories of sources and permitting programs for new and modified 

sources.  Emissions from mobile sources (e.g., cars and trucks) are regulated through standards 

for fuel production and vehicle efficiency.  Mobile sources such as sounding rockets; however, 

are not regulated by the CAA.  

PFRR activities that may affect air quality include conducting routine site operations 

(e.g., heating of buildings, use of electricity), use of employee vehicles and delivery vehicles, 

rocket launches, and search and recovery activities.  Emissions from ongoing, routine activities 

at PFRR were quantified based on recent fuel and electricity use (see Chapter 3, Section 3.1).  

Emissions from sounding rocket launches were quantified for vehicles that are expected to be 

used the most frequently in the future.  Emissions from rocket launches vary depending on the 

launch vehicle, but typically include emissions of carbon dioxide, carbon monoxide, nitrogen 

dioxide, aluminum oxide, and other particulate matter.  Emissions from launches analyzed in this 

PFRR EIS were estimated assuming up to four launches of BB XII rockets (see Table 4ï2) and 

four launches of T-IO rockets (see Table 4ï3) per year.  Although other launch vehicles may be 

used at PFRR, the number of launches and amount of emissions in any year are expected to be 

less than the total emissions from this combination. 

Table 4ï2.  Black Brant XII Rocket Launch Air  Pollutant Emissions (kilograms) 

Pollutant 

Stage 1a  

(Talos) 

(0.2 to 1.9 

km) 

Stage 2a 

(Taurus) 

(4.2 to 6.3 

km) 

Stage 3b, c 

(Black Brant V) 
(10.6 to 58.9 

km) 

Stage 4b, c 

(Nihka) 
(96.0 to 153.5 

km) Total 
Carbon dioxide 469 175 14 9 667 

Carbon monoxide 465 333 228 66 1,092 

Lead 22 11 0 0 33 

Hydrogen chloride 0 0 187 67 254 

Aluminum oxide 0 0 357 106 463 

Sulfur 0 0 1 1 2 

Other 0 0 4 2 6 

a.
 

Emissions from Stages 1 and 2 are to the lower atmosphere. 

b. Emissions from Stages 3 and 4 are to the upper atmosphere.
 

c. Aluminum oxide would be emitted as particulate matter. 

Note: To convert kilometers to miles, multiply by 0.6214; kilograms to pounds, by 2.2046.   

Key: km=kilometers. 

Source: NASA 2000a. 
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Table 4ï3.  Terrier -Improved Orion Rocket Launch 
Air Pollutant  Emissions (kilograms) 

Pollutant 

Stage 1a 

(Terrier)  
(0 to 1.5 

km) 

Stage 2b 

(Orion)  
(10 to 52 km) Total 

Carbon dioxide 160 44 204 

Carbon monoxide 228 50 278 

Lead 10 0 10 

Hydrogen chloride 0 64 64 

Aluminum oxidec 0 31 31 

Sulfur 0 1 1 

Copper 0 1 1 

Other 0 0 0 

a. Emissions from Stage 1 are to the lower atmosphere. 

b. Emissions from Stage 2 are to the upper atmosphere. 

c. Aluminum oxide would be emitted as particulate matter.
 

Note: To convert kilometers to miles, multiply by 0.6214; kilograms to 
pounds, by 2.2046.  

Key: km=kilometers. 

Source: NASA 2000. 

Emissions from search and recovery activities were based on the estimated number of helicopter 

and airplane flights per year for each alternative; flight time required for search and recovery in 

various areas, as described in Appendix F; typical emissions for hourly operation of this 

equipment; and emissions for landing and takeoff operations.  Aircraft emission rates were 

obtained from the Federal Aviation Administrationôs EDMS [Emissions and Dispersion 

Modeling System] program for aircraft emissions (FAA 2010).  Emissions for truck transport 

and fuel delivery operations during recovery operations were based on miles traveled and 

emission rates obtained from the U.S. Environmental Protection Agencyôs (EPA) Mobile 6.2 

emission factor model for vehicles (USEPA 2003). 

For the evaluation of magnitude of air quality impacts, major impacts would be any that result in 

concentrations that exceed ambient standards and result in degradation of air quality in a 

nonattainment area.1  Moderate impacts would be any that result in an increase in ambient 

concentrations of more than 10 percent of the ambient standard; or an increase in toxic pollutant 

concentrations above a guideline level.  For mobile source emissions, a moderate impact would 

equate to an increase in emissions greater than 250 tons (230 metric tons) per year for any 

criteria pollutant.  This value is used by the EPA in its New Source Review standards as an 

indicator for impact analysis for listed new major stationary sources in attainment areas.  No 

similar regulatory threshold is available for mobile source emissions.  Lacking any mobile source 

emissions thresholds, the 250-ton-per-year (230-metric-ton-per-year) per year major stationary 

source threshold was used to equitably assess and compare mobile source emissions.  

                                                 
1
 A nonattainment area is an area that the U.S. Environmental Protection Agency has determined does not meet one 

or more of the National Ambient Air Quality Standards for sulfur dioxide, nitrogen dioxide, carbon monoxide, 
ozone, lead, and particulate matter.  An area may meet the standards for some pollutants, but not for others. 
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Minor impacts would be any that result in increases of pollutant that are less than the levels 

specified as moderate impacts, but greater than negligible impacts, which are immeasurable.  

For the evaluation of duration of air quality impacts, short-term impacts would be any that occur 

for brief periods that are much less than the total project life, such as from rocket launches.  

Medium-term impacts would be any that occur for relatively brief periods less than the total 

project life but may occur repeatedly, such as from search and recovery operations.  Long-term 

impacts would be any that occur for periods longer than medium-term and as long as the life of 

the project or longer, such as emissions from routine operations at PFRR or the impact from 

ozone-depleting substances. 

4.1.2 No Action Alternative  

4.1.2.1 Launch Operations 

Emissions from a sounding rocket in the lower atmosphere occur over a few seconds.  When 

launches occur during the winter, which is normally the case at PFRR and is assumed to be the 

case for new launches from PFRR over the next 10 years, the winds are typically from the 

northeast from 6.4 to 8.0 kilometers per hour (4 to 5 miles per hour) (NASA 2000a).  These 

winds are not strong enough to result in pollutant concentrations high enough to be of concern at 

sensitive receptors 1.6 kilometers (1 mile) or more to the south (Chatanika Lodge and F.E. Gold 

Camp).  Emissions of a launch of a BB XII or a T-IO would result in emissions of particulate 

matter (primarily aluminum oxide), carbon monoxide, and carbon dioxide, as shown in  

Tables 4ï2 and 4ï3.  The BB XII launch vehicle has the highest emissions of the sounding 

rockets used at PFRR.  Other vehicles used at PFRR would have lower emissions and lower 

impacts on nearby receptors.  Based on this analysis, launching any sounding rocket shown in 

Chapter 2, Figure 2ï2, from PFRR would result in ground-level air pollutant concentrations 

below the ambient air quality standards. 

Emissions from daily activities at PFRR include the operation of heating and ventilation systems, 

occasional operation of generators, use of various vehicles to move equipment, and employee 

vehicles.  Estimated annual emissions from these activities are presented in Chapter 3 and are 

expected to be similar under all the alternatives.  Annual emissions from rocket launches are 

presented in Table 4ï4, assuming up to 4 BB XII launches and 4 T-IO launches per year.  

Although other launch vehicles may be used, the total emissions are not expected to exceed the 

total associated with these launch vehicles.   

Air quality impacts from PFRR routine operations would be regional in scope, adverse, however 

minor and long-term in duration.  Impacts from rocket launches would be global in scope, 

adverse, and minor and short-term in duration.   

Annual emissions from recovery activities would be limited to attempted recovery of up to one 

payload under the No Action Alternative, as discussed in Appendix F.  Annual emissions from 

search and recovery operations are presented in Table 4ï4.  Impacts from search and recovery 

operations would be regional in scope and adverse; however, minor and medium-term in 

duration. 
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Table 4ï4.  No Action Alternative Estimated Annual  
Poker Flat Research Range Operation, Launch,  

and Search and Recovery Emissions 

Pollutant 

Emissions (metric tons per year) 

PFRR 

Operation
a 

Launches
b 

Search 

and 

Recoveryc Total 

Carbon monoxide 15 5.5 0.2 21 

Nitrogen dioxide 6.9 0 <0.1 6.9 

PM10 0.2 0 <0.1 0.2 

PM2.5 <0.1 0 <0.1 0.2 

Sulfur dioxide <0.1 0 <0.1 <0.1 

Lead 0 0.2 0 0.2 

VOCs NR 0 <0.1 <0.1 

Hydrogen chloride 0 1.3 0 1.3 

Aluminum oxide 0 2.0 0 2.0 

Sulfur 0 <0.1 0 <0.1 

Copper 0 <0.1 0 <0.1 

Other NRd <0.1 NRd <0.1 

a. Excludes emissions from rocket launches.  Emissions are from Chapter 3. 

b. Assumes up to eight launches per year.  Based on emissions from four Black 
Brant XII launches and four Terrier-Improved Orion launches. 

c. Assumes up to eight launches per year, recovery of up to one payload, and no 
recovery of new or existing spent stages. 

d. Various toxic air pollutants would be emitted from fossil fuel combustion, but these 
emissions would be small. 

Key: NR=not reported; PFRR=Poker Flat Research Range; PMn=particulate matter with 
an aerodynamic diameter less than or equal to n micrometers; VOCs=volatile organic 
compounds. 

Note: To convert metric tons to tons, multiply by 1.1023. 

4.1.3 Alternative 1 ï Environmentally Responsible Search and Recovery 

4.1.3.1 Launch Operations 

Under Alternative 1, air quality impacts from PFRR routine operations would be the same as 

those projected for the No Action Alternative.  Impacts from rocket launches would also be the 

same as those projected for the No Action Alternative.   

4.1.3.2 Search and Recovery 

Impacts from search and recovery activities would be larger than those projected for the No 

Action Alternative because additional search and recovery activities would be undertaken, as 

described in Appendix F.  On average, attempts would be made to recover approximately two 

payloads and 10 spent stages each year under Alternative 1, as discussed in Appendix F.  

Emissions from search and recovery operations are presented in Table 4ï5.  These impacts 

would continue to be regional, adverse, minor and medium-term in duration.   
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Table 4ï5.  Alternative 1 Estimated Annual Poker Flat Research  
Range Operation, Launch, and Search and Recovery Emissions  

Pollutant 

Emissions (metric tons per year) 

PFRR 

Operationa Launchesb 

Search and 

Recoveryc Total 

Carbon monoxide 15 5.5 3.4 24 

Nitrogen dioxide 6.9 0 0.13 7.0 

PM10 0.2 0 <0.1 0.2 

PM2.5 0.2 0 <0.1 0.2 

Sulfur dioxide <0.1 0 <0.1 <0.1 

Lead 0 0.2 0 0.2 

VOCs NR 0 0.2 <0.2 

Hydrogen chloride 0 1.3 0 1.3 

Aluminum oxide 0 2.0 0 2.0 

Sulfur 0 <0.1 0 <0.1 

Copper 0 <0.1 0 <0.1 

Other NRd <0.1 NRd <0.1 

a. Excludes emissions from rocket launches. Emissions are from Chapter 3. 

b. Assumes up to eight launches per year.  Based on emissions from four Black Brant XII 
launches and four Terrier-Improved Orion launches. 

c. Assumes up to eight launches per year, recovery of up to two payloads, recovery of 10 
new spent stages and 5 existing spent stages, and search only for 10 spent stages. 

d. Various toxic air pollutants would be emitted from fossil fuel combustion, but these 
emissions would be small. 

Note: To convert metric tons to tons, multiply by 1.1023. 

Key: NR=not reported; PFRR=Poker Flat Research Range; PMn=particulate matter with an 
aerodynamic diameter less than or equal to n micrometers; VOCs=volatile organic 
compounds. 

4.1.4 Alternative 2 ï Maximum Cleanup Search and Recovery 

4.1.4.1 Launch Operations 

Annual emissions under Alternative 2 are presented in Table 4ï6.  Under Alternative 2, air 

quality impacts from PFRR routine operations would be the same as those projected for the No 

Action Alternative and Alternative 1.  Impacts from rocket launches would also be the same as 

those projected for the No Action Alternative and Alternative 1.   

4.1.4.2 Search and Recovery 

Impacts from search and recovery activities would be larger than those projected for the No 

Action Alternative or Alternative 1 because additional search and recovery activities would be 

undertaken, as described in Appendix F.  On average, 4 payloads and 16 spent stages would be 

recovered each year under Alternative 2, as discussed in Appendix F.  These impacts would be 

regional, adverse, minor and medium-term in duration.   
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Table 4ï6.  Alternative 2 Estimated Annual Poker Flat Research  
Range Operation, Launch, and Search and Recovery Emissions 

Pollutant  

Emissions (metric tons per year) 

PFRR 

Operationa 
Launchesb

 

Search and 

Recoveryc
 

Total 

Carbon monoxide 15 5.5 4.6 25 

Nitrogen dioxide 6.9 0 0.2 7.1 

PM10 0.2 0 <0.001 0.2 

PM2.5 0.2 0 <0.001 0.2 

Sulfur dioxide <0.1 0 <0.1 <0.1 

Lead 0 0.2 0 0.2 

VOCs NR 0 0.25 0.25 

Hydrogen chloride 0 1.3 0 1.3 

Aluminum oxide 0 2.0 0 2.0 

Sulfur 0 <0.1 0 <0.1 

Copper 0 <0.1 0 <0.1 

Other NRd <0.1 NRd <0.1 

a. Excludes emissions from rocket launches. Emissions are from Chapter 3. 

b. Assumes up to eight launches per year.  Based on emissions from four Black Brant XII 
launches and four Terrier-Improved Orion launches. 

c. Assumes up to eight launches per year, recovery of four payloads, recovery of 16 new 
spent stages and 10 existing spent stages, and search only for 4 spent stages. 

d. Various toxic air pollutants would be emitted from fossil fuel combustion, but these 
emissions would be small. 

Note: To convert metric tons to tons, multiply by 1.1023. 

Key: NR=not reported; PMn=particulate matter with an aerodynamic diameter less than or 
equal to n micrometers; VOCs=volatile organic compounds. 

4.1.5 Alternative 3 ï Environmentally Responsible Search and Recovery with 

Restricted Trajectories 

4.1.5.1 Launch Operations 

Restricted trajectories would not change the projected air quality impacts associated with 

continued routine operations at PFRR or future launches.  Therefore, air quality impacts under 

Alternative 3 would be the same as those described under Alternative 1 in Section 4.1.3 since 

Al ternatives 1 and 3 would have the same number of future launches. 

4.1.5.2 Search and Recovery 

Restricted trajectories would not change the projected air quality impacts associated with search 

and recovery activities.  Air quality impacts under Alternative 3 would be the same as those 

described under Alternative 1 in Section 4.1.3 since Alternatives 1 and 3 would have the same 

number of search and recovery activities. 
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4.1.6 Alternative 4 ï Maximum Cleanup Search and Recovery with Restricted 

Trajectories 

4.1.6.1 Launch Operations 

Restricted trajectories would not change the projected air quality impacts associated with 

continued routine operations at PFRR or future launches.  Projected air quality impacts under 

Alternative 4 would be the same as those described under Alternative 2 in Section 4.1.4 since 

Alternatives 2 and 4 would have the same number of future launches. 

4.1.6.2 Search and Recovery 

Restricted trajectories would not change the projected air quality impacts associated with search 

and recovery activities.  Projected air quality impacts under Alternative 4 would be the same as 

those described under Alternative 2 in Section 4.1.4 since Alternatives 2 and 4 would have the 

same number of search and recovery activities. 

4.1.7 Summer Launches 

Although it is anticipated that launches and initial search operations would occur during winter 

months and recovery operations would occur during summer months, there could be summer 

launches from PFRR, as discussed in Chapter 2, Section 2.1.2.4.  With regard to potential air 

quality impacts, regardless of when the launches occurred, impacts would continue to be global, 

adverse, minor, and short-term in duration.  

4.2 GLOBAL ATMOSPHERE  

This section deals with the impact on the Earthôs atmosphere of gases, liquids, and solids emitted 

from rockets and payloads of various NASA SRP launch vehicles during flight.  This discussion 

is extracted or summarized from the Final Supplemental Environmental Impact Statement for 

Sounding Rocket Program (SRP SEIS) (NASA 2000a) with appropriate modifications to focus 

on launches from PFRR. Greenhouse gas emissions are included within this section. 

The following definitions and typical altitude ranges are used to describe the Earthôs atmosphere 

(NASA 2000a):  

 Lower Atmosphere: 

o Free Troposphere ï 2 to 10 kilometers (1.3 to 6.2 miles) 

o Atmospheric Boundary Layer ï 0 to 2 kilometers (0 to 1.3 miles) 

 Upper Atmosphere: 

o Ionosphere ï 80 to 1,000 kilometers (50 to 620 miles) 

o Mesosphere ï 50 to 80 kilometers (31 to 50 miles) 

o Stratosphere ï 10 to 50 kilometers (6.2 to 31 miles) 

4.2.1 Methodology 

The exhaust products from rocket launches are estimated by thermodynamic calculation; this is 

usually performed by computer models or by direct measurement when rocket motors are fired in 

a stationary location on the ground.  In either case, once the relative proportions of each chemical 
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species in the exhaust are known, the rocketôs trajectory can then be applied to determine the 

mass of a particular compound or element that would be emitted at a particular altitude during 

fli ght (NASA 2000a).  In general, emissions into the atmosphere from sounding rocket launches 

include halogens (chlorine), particulates (aluminum oxide), carbon monoxide, carbon dioxide, 

nitrogen oxides, and trace metals (NASA 2000a).  

Possible emissions from payloads include exhaust products from any pyrotechnic devices, 

constituents of batteries, and chemical releases.  The impacts of releases from pyrotechnic 

devices or constituents of batteries are several orders of magnitude smaller than those of 

chemical releases and are not addressed here (NASA 2000a).  Greenhouse gas emissions would 

be considered moderate if greater than 25,000 metric tons (28,000 tons) of carbon dioxide 

equivalent direct emissions, the Council on Environmental Quality (CEQ) level above which 

further analysis is recommended (Sutley 2010).  Major impacts could be considered to be several 

orders of magnitude greater than for a moderate impact.  Minor impacts would be any that result 

in increases of greenhouse gases that are less than the levels specified as moderate impacts, but 

greater than negligible impacts, which are immeasurable.  Major and moderate impacts of ozone-

depleting emissions are not readily quantified.  For the purpose of this assessment, minor impacts 

are those that are quantifiable, and negligible emissions are immeasurable. 

For the evaluation of duration of atmospheric impacts, short-term impacts would be any that 

occur for brief periods that are much less than the total project life, such as from rocket launches.  

Medium-term impacts would be any that occur for relatively brief periods less than the total 

project life but may occur repeatedly, such as from search and recovery operations.  Long-term 

impacts would be any that occur for periods longer than medium-term and as long as the life of 

the project or longer, such as routine operations at PFRR or the impact from ozone-depleting 

substances or greenhouse gases that accumulate in the atmosphere. 

4.2.2 No Action Alternative 

4.2.2.1 Lower Atmosphere 

At the time of launch, the atmospheric boundary layer (from 0 to 2 kilometers [0 to 1.3 miles]) 

may or may not be stable and may have an inversion or a strong wind condition.  Thus, the initial 

launch rocket plume may move in an unforeseen direction (NASA 2000a). 

The potential environmental impacts in the boundary layer include the following (NASA 2000a): 

 Formation of ñsmogò due to entrainment of atmospheric nitrogen into the exhaust plume, 

leading to formation of nitric acid and tropospheric ozone; 

 Deposition of hydrogen chloride in the boundary layer and subsequent evolution from 

surfaces near the launch site; 

 Disposal and/or deposition of trace heavy metals and organics in the boundary layer, such 

as lead and sulfur; and 

 Diffusion of exhaust particles, such as aluminum oxide, into the boundary layer. 
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The potential environmental impacts in the free troposphere (from 2 to 10 kilometers [1.3 to 

6.2 miles]) include the following (NASA 2000a): 

 Formation of high-altitude clouds, which could lead to localized weather modification; 

 Adsorption of water-soluble acids such as hydrogen chloride, resulting in localized acid 

rain; and 

 Photochemical oxidation of carbon monoxide to carbon dioxide, and nitrogen oxides to 

nitric acid and ozone. 

The lower atmosphere receives the launch vehicle rocket exhaust emissions from all first stages, 

plus many second stages in three- and four-stage launch vehicles.  The first, or boost, stage 

usually contains more propellant than the second stage, the second stage more than the third, and 

so on.  Thus, the lower atmosphere receives most of the rocket exhaust emissions from a given 

launch vehicle (Figures 4ï2 and 4ï3) (NASA 2000a). 

 

Figure 4ï2.  Emissions along a Representative Terrier -Improved Orion  Trajectory  
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Figure 4ï3.  Emissions along a Representative Black Brant XII Trajectory  

Estimated lower atmosphere exhaust emissions for the two most common launch vehicles used at 

PFRR are presented in Table 4ï7.  Three criteria pollutants regulated under the National 

Ambient Air Quality Standards set by the EPA under the CAA are emitted by SRP launch 

vehicles at low altitudes: lead, carbon monoxide, and particulates (aluminum oxide) 

(NASA 2000a).   
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Table 4ï7.  Poker Flat Research Range Projected Average Annual Lower Atmosphere 
(<10 kilometers) Rocket Exhaust Emissions (kilograms) for Sounding Rockets 

Launch 

Vehicle 

Altitude 

Range 

(km) 

Hydrogen 

Chloride 

Aluminum 

Oxide 

Carbon 

Monoxide 

Carbon 

Dioxide Element Other Total 

BB XII  

(1st & 2nd 

stage [Talos 

and Taurus] 

engines) 

0ï1.9 0 0 3,192 2,576 
132 

(Lead) 
0 5,900 

T-IO 

(1st stage 

[Terrier] 

engine) 

0ï1.5 0 0 912 640 
40 

(Lead) 
0 1,592 

Total for up 

to 8 vehicles 
ï 0 0 4,104 3,216 172 0 7,492 

Key: BB=Black Brant; km=kilometers; T-IO=Terrier-Improved Orion. 

Note: Emission represent up to four BB XII launches and four T-IO launches per year.  To convert kilometers to 
miles, multiply by 0.6214; kilograms to pounds, by 2.2046. 

Source: NASA 2000a. 

Test rockets also emit into the atmospheric boundary layer.  Typical lower atmosphere rocket 

exhaust emissions from test rockets used at PFRR are presented in Table 4ï8.  

Table 4ï8.  Poker Flat Research Range Projected Average Annual  
Lower Atmosphere (<10 kilometers) Rocket Exhaust Emissions  

(kilograms) from Test Rockets 

Launch 
Vehicle 

Typical 
Altitude 
Range 
(km) 

Carbon 
Monoxide 

Carbon 
Dioxide Lead Methane Total 

70 mm Test  

Rocketa 
0ï0.6 2.7 1.6 0.039 0.020 4.4 

Supporting 4 launchesb 
 108 64 1.6 0.8 176 

Supporting 8 launchesb 216 128 3.1 1.6 352 

a. Calculations based on two 70-milimeter Test Rockets launched per countdown night. 
b. Each sounding rocket launch supported assumed to require 10 nights counting down. 

Note: To convert kilometers to miles, multiply by 0.6214; kilograms to pounds, by 2.2046.  

Source: NASA 2000a. 

4.2.2.2 Upper Atmosphere 

With two-, three- and four-stage launch vehicles, such as the T-IO, BB X, and BB XII, apogees 

into the ionosphere would be reached.  At lower levels of the upper atmosphere (the mesosphere 

and stratosphere), there are emissions from upper-stage rockets and attitude control system 

(ACS) fluid jets (NASA 2000a).  Some payloads would employ chemical releases to obtain the 

requisite scientific information; these releases typically take place at the highest altitudes 

(hundreds of kilometers above the Earth).   
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Launches 

Typical average annual upper-stage rocket exhaust emissions for NASA launch vehicles used at 

PFRR are presented in Table 4ï9.  Emissions from most of the launch vehicles are confined to 

the stratosphere.  Potential environmental impacts in the upper atmosphere include the following 

(NASA 2000a): 

 Thermal radiation changes due to emissions of water and carbon dioxide and other 

species into the very thin atmosphere above 50 kilometers (31 miles) in the mesosphere 

and ionosphere; 

 Changes in the ionization level at and above 90 kilometers (56 miles) in the ionosphere, 

affecting radio wave transmission, due to hydrogen chloride emissions; 

 Contribution to global warming due to carbon dioxide emissions (discussed in 

Section 4.2.2.3 of this EIS); and 

 Contribution to depletion of the ozone layer in the stratosphere due to emissions of 

hydrogen chloride and particulate aluminum oxide, both of which enter into reactions, 

which can lead to ozone depletion. 

Table 4ï9.  Poker Flat Research Range Projected Average Annual Upper Atmosphere 
(>10 kilometers) Rocket Exhaust Emissions (kilograms) for Sounding Rockets 

Launch 
Vehicle 

Altitude 
Range 
(km) 

Hydrogen 
Chloride 

Aluminum 
Oxide 

Carbon 
Monoxide 

Carbon 
Dioxide Element Other Total 

Black 

Brant XII 

(3rd & 4th 

stage [Black 

Brant V and 

Nihka] 

engines) 

10ï153 1,016 1,852 1,416 92 0 24 4,400 

Terrier-

Improved 

Orion (2nd 

stage [Orion] 

engine) 

10ï52 256 124 200 176 4 (Cu) 0 760 

Total for up 

to 8 vehicles 
ï 1,272 1,976 1,616 268 4 24 5,160 

Key: Cu=copper; km=kilometers.   

Note: Emission represent up to four Black Brant XII launches and four Terrier-Improved Orion launches per year.  
To convert kilometers to miles, multiply by 0.6214; kilograms to pounds, by 2.2046. 

The stratosphere is the main region of ozone production in the Earthôs atmosphere.  

Concentrations vary with the time and place as ozone is continually created and destroyed in 

complex reactions.  The most destructive species leading to stratospheric ozone depletion are 

believed to be chlorine and bromine.  The principal terrestrial sources are industrial chlorinated 

compounds and emissions from active volcanoes.  Rocket emissions directly in the stratosphere 
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are also a contributor (NASA 2000a).  Annual stratospheric chlorine releases associated with 

NASA launches at PFRR are projected to be, at most, about four 10 thousandths of a percent 

(0.0004 percent) of all industrial sources in the United States, estimated to be approximately 

300,000 metric tons (330,000 tons) annually (NASA 2000a).  It is expected that there may be a 

very small, temporary local stratospheric ozone reduction effect in the wake of SRP upper-stage 

rockets, but no global effects (minor, long-term impacts).For certain observations of deep space 

phenomena, it is necessary to align optical instruments accurately using an ACS using directed 

jets of compressed fluids.  These jets may use nitrogen, freons, argon, or neon.  All of these are 

permanent gases found naturally in the atmosphere except freons.  Freons contain chlorine, 

which is known to contribute to ozone depletion in the stratosphere.  Most of these releases are 

above 50 kilometers (31 miles), outside the ozone formation zone, and would not create adverse 

impacts.   

Tracer Releases 

Historically, tracer releases from sounding rocket payloads at PFRR have been primarily TMA 

[trimethylaluminum] at altitudes of 80 to 200 kilometers (50 to 120 miles) (NASA 2000a).  

Quantities of TMA released are typically small, approximately several kilograms.  Although it is 

a liquid at sea level, TMA vaporizes very quickly when released in the low-pressure environment 

in the upper atmosphere.  The TMA reacts spontaneously with oxygen to produce carbon 

dioxide, water vapor, and aluminum oxide.  A byproduct of the reaction is a white light that can 

be seen from the ground.  At ground level, the material burns vigorously because of the high 

oxygen concentration; however, the reaction is much slower at high altitudes.  A complete 

description of TMA is provided in Chapter 2, Section 2.1.2.2 of this PFRR EIS. 

Other tracers that have been used in the past (or could be used in the future) are metals.  The 

most common are lithium and barium.  To enable these releases, the metal tracer is mixed with 

thermite in a payload canister vessel.  Thermite is a mixture of iron oxide (rust) and aluminum 

powder.  Thermite, when ignited, burns at several thousand degrees and produces enough heat to 

vaporize the metal tracer.  The products of the thermite reaction are iron and aluminum oxide.   

Potential environmental effects from high-altitude tracer releases would be minimal. Carbon 

dioxide and water vapor occur naturally in the atmosphere, although usually not at those 

altitudes.  Aluminum oxide occurs naturally in the upper atmosphere due to deposition by the 

steady influx of small meteorites that ablate at those heights.  The aluminum oxide from the 

rocket releases is a small fraction of the total aluminum oxide deposited by natural processes. 

Some of the tracer metals also occur naturally because of meteor ablation, such as lithium, but 

some, such as barium, do not.  All of the releases diffuse rapidly, and the concentrations are 

quickly reduced. 

Other potential impacts of high-altitude tracer releases identified in the SRP SEIS (NASA 2000a) 

include visible light emissions that could be observed or that could contaminate non-participating 

astronomical observations, release of trace amounts of hazardous materials into the biosphere, 

temporary perturbations of the ionosphere causing temporary disruptions of communications 

links, modification of trace element concentrations in the upper atmosphere, and contamination 

of nearby spacecraft by released materials (NASA 2000a).   
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4.2.2.3 Climate Change 

Carbon dioxide and other gases in the atmosphere act like glass in a greenhouse, letting the Sunôs 

rays through, but trapping some of the heat that would otherwise be radiated back into space.  

Emissions of carbon dioxide and other greenhouse gases are believed to affect the Earthôs 

radiative balance and to result in changes in global climate.  Activities on Earth are emitting 

about 26 billion metric tons (29 billion tons) of carbon dioxide per year into the atmosphere 

(average for 2000ï2005) (IPCC 2007).  Total U.S. emissions of carbon dioxide are estimated to 

be 5.45 billion metric tons (6.01 billion tons) per year (DOE 2011).  Emissions of carbon dioxide 

associated with launches, normal operations, and search and recovery activities are presented in 

Table 4ï10.  Annual emissions of carbon dioxide associated with NASA launches at PFRR, 

including the continued heating and electrical requirements associated with year-round operation 

of the PFRR launch site (see Chapter 3, Section 3.1.1), are projected to be, at most, about 4 one 

hundred thousandths of a percent (0.00004 percent) of total U.S. emissions of carbon dioxide and 

are not considered substantial.  However, scientific uncertainty limits the ability to assess 

directly attributable effects of greenhouse gases on climate change from selected individual 

actions.  Therefore, NASA provides only a qualitative conclusion concerning these impacts.  The 

No Action Alternative would likely create impacts that increase climate change, which would be 

global, adverse, minor, and long-term. 

Table 4ï10.  No Action Alternative Estimated Annual  
Poker Flat Research Range Operation, Launch, and 

Search and Recovery Carbon Dioxide Equivalent Emissions 

Pollutant 

Emissions (metric tons per year) 
PFRR 

Operationa Launchesb 

Search and 

Recoveryc Total 

Carbon dioxide (equivalents)d 2,100 3.5 14 2,120 

a. Excludes emissions from rocket launches.  

b. Assumes up to eight launches per year.  Based on emissions from four Black Brant XII 
launches and four Terrier-Improved Orion launches. 

c. Assumes up to eight launches per year, recovery of up to four payloads, and no recovery of 
new or existing spent stages. 

d. Carbon dioxide equivalents include emissions of carbon dioxide and other greenhouse gases 
multiplied by their global warming potential (Solomon et al. 2007). 

Note: To convert metric tons to tons, multiply by 1.1023. 

4.2.3 Alternative 1 ï Environmentally Responsible Search and Recovery  

4.2.3.1 Lower Atmosphere 

Impacts from rocket launches under Alternative 1 would be the same as those described under 

the No Action Alternative. 

4.2.3.2 Upper Atmosphere 

Impacts from rocket launches under Alternative 1 would be the same as those described under 

the No Action Alternative. 
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4.2.3.3 Climate Change 

Launch Operations 

Under Alternative 1, air quality impacts from PFRR routine operations would be the same as 

those projected for the No Action Alternative.  Impacts from rocket launches would also be the 

same as those projected for the No Action Alternative.   

Search and Recovery 

Impacts from search and recovery activities would be larger than those projected for the No 

Action Alternative because additional search and recovery activities would be undertaken, as 

described in Appendix F.  Carbon dioxide equivalent emissions from search and recovery 

operations are presented in Table 4ï11.  Similar to the No Action Alternative, the impact on 

climate change from the emission of greenhouse gases associated with all of the PFRR activities 

would be minor and long-term. 

Table 4ï11.  Alternative 1 Estimated Annual Poker Flat Research Range 
Operation, Launch, and Search and Recovery 

Carbon Dioxide Equivalent Emissions 

Pollutant 

Emissions (metric tons per year) 

PFRR 
Operationa Launchesb 

Search and 
Recoveryc Total 

Carbon dioxide (equivalents)d 2,100 3.5 62 2,166 

a. Excludes emissions from rocket launches.  

b. Assumes up to eight launches per year.  Based on emissions from four Black Brant XII 
launches and four Terrier-Improved Orion launches. 

c. Assumes recovery of up to four payloads, recovery of eight new spent stages and six existing 
spent stages, and search only for 12 spent stages. 

d. Carbon dioxide equivalents include emissions of carbon dioxide and other greenhouse gases 
multiplied by their global warming potential (Solomon et al. 2007). 

Note: To convert metric tons to tons, multiply by 1.1023. 

4.2.4 Alternative 2 ï Maximum Cleanup Search and Recovery  

4.2.4.1 Lower Atmosphere 

Impacts from rocket launches under Alternative 2 would be the same as those described under 

the No Action Alternative. 

4.2.4.2 Upper Atmosphere 

Impacts from rocket launches under Alternative 2 would be the same as those described under 

the No Action Alternative. 



4 ǐ Environmental Consequences 

SEPTEMBER 2012 4ï21 

4.2.4.3 Climate Change 

Launch Operations 

Annual emissions under Alternative 2 are presented in Table 4ï12.  Under Alternative 2, air 

quality impacts from PFRR routine activities would be the same as those projected for the No 

Action Alternative.  Impacts from rocket launches would also be the same as those projected for 

the No Action Alternative.   

Search and Recovery 

Impacts from search and recovery activities would be larger than those projected for the No 

Action Alternative or Alternative 1 because additional search and recovery activities would be 

undertaken, as described in Appendix F.  Similar to the No Action Alternative, the impact on 

climate change from emissions of greenhouse gases from PFRR activities would be long-term. 

Table 4ï12.  Alternative 2 Estimated Annual Poker Flat Research Range 
Operation, Launch, and Search and Recovery  

Carbon Dioxide Equivalent Emissions 

Pollutant 

Emissions (metric tons per year) 

PFRR 
Operationa 

Launchesb
 

Search and 
Recoveryc

 
Total 

Carbon dioxide (equivalents)d 2,100 3.5 100 2,204 

a. Excludes emissions from rocket launches.  Emissions are from Chapter 3. 

b. Assumes up to eight launches per year.  Based on emissions from four Black Brant XII 
launches and four Terrier-Improved Orion launches. 

c. Assumes recovery of 4 payloads, and 16 spent stages. 

d. Carbon dioxide equivalents include emissions of carbon dioxide and other greenhouse gases 
multiplied by their global warming potential. 

Note: To convert metric tons to tons, multiply by 1.1023. 

4.2.5 Alternative 3 ï Environmentally Responsible Search and Recovery with 

Restricted Trajectories 

Impacts from the continued operation of PFRR, rocket launches and search and recovery under 

Alternative 3 would be the same as those described under Alternative 1. 

4.2.6 Alternative 4 ï Maximum Cleanup Search and Recovery with Restricted 

Trajectories 

Impacts from the continued operation of PFRR, rocket launches and search and recovery under 

Alternative 4 would be the same as those described under Alternative 2. 

4.2.7 Summer Launches 

Although it is anticipated that launches and initial search operations would occur during winter 

months and recovery operations would occur during summer months, there could be summer 

launches from PFRR, as discussed in Chapter 2, Section 2.1.2.4.  With regard to potential global 
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atmosphere impacts, regardless of when the launches occurred, impacts would be global, 

adverse, minor, and long-term in duration. 

4.3 WATER RESOURCES 

This section describes potential impacts on surface and groundwater resources as a result of the 

alternatives. 

4.3.1 Methodology 

Determination of water resource impacts is based on an analysis of the potential for launch and 

search and recovery activities to affect surface water or groundwater quality as defined by 

applicable laws and regulations; wetland disturbance, degradation, or loss; and Wild and Scenic 

River corridor disturbance.  Considered in this analysis is activity-related introduction of 

contaminants into surface water or groundwater resources; and physical alterations or 

disturbances of overland surface water flows and groundwater recharge.   

Attribute criteria for analyzing potential impacts on surface water and groundwater are presented 

in Table 4ï13. 

It should be noted that complete National Wetlands Inventory or comparable coverage for PFRR 

and other adjacent areas of interestðnecessary to delineate and analyze potential NASA SRP 

wetland impactsðwere not available.  To assess the potential for wetland impacts, analysis was 

conducted based on PFRR ecoregion surface hydrology and wetland attribute information 

(see Chapter 3, Section 3.3.4 ñEcoregionsò). 

Table 4ï13.  Evaluation Criteria for Analyzing Water Resource Impacts 

Attribute  

Evaluation Criteria  

Surface Waters Groundwater 

Type  

Adverse 
The impact would result in some level of impairment, degradation, or disturbance 

to water resources. 

Beneficial 
The impact would result in some level of environmental improvement to water 

resources. 

Water Quality  

Context  

Global 
Effect would have worldwide implications on the quality and/or quantity of water 

resources. 

Regional 

Effect would entail an entire watershed, 

subbasin, or basin or greater than 

50 percent of a major water body. 

Effect would entail a surficial aquifer 

or major aquifer.   

Localized 
Effect would be limited to the immediate 

area water body or subwatershed. 

Effect would be restricted to the 

immediate area water table. 

Intensity  

Major  

Aquatic biology chronic effects such as 

algae blooms, species mortality, or other 

comparable consequences or water 

contamination posing secondary risks 

would occur. 

Effect would prohibit or sharply curtail 

human potable or nonpotable water 

uses. 
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Table 4ï13. Evaluation Criteria for Analyzing Water Resource Impacts (continued) 

Attribute  

Evaluation Criteria  

Surface Waters Groundwater 

Water Quality (continued) 

Moderate 

Noticeable change, aquatic biological 

response such as species avoidance, or 

water contamination would occur. 

Effect would restrict human potable 

and nonpotable water uses. 

Minor 

Effect would be at a low level of 

detection and have no aquatic biology or 

contamination risks. 

Effect on would be at a low level of 

detection and have no contamination 

risks. 

Negligible 

Effect on aquatic biology and water 

quality parameters would be 

imperceptible. 

Effect to water quality parameters 

would be imperceptible. 

Duration  

Long-Term Effect would likely endure for the life of the sounding rocket program or beyond. 

Medium-Term Effect would likely last for a few months to years. 

Short-Term Effect would likely last for a few days to weeks. 

Wetlands 

Context  

Not Applicable 

Global 
Effect would have worldwide 

implications on wetland ecosystems. 

Regional 
Effect would entail one or more 

ecoregions. 

Localized 
Effect would be limited to the wetland in 

the immediate area of the impact source. 

Intensity  

Major 

Effect would generate a conflict with 

Federal and/or state wetland protection 

programs or violates a Federal or state 

regulation. 

Moderate 

Effect may generate a conflict with 

Federal and/or state programs but could 

be mitigated through consultations with 

regulatory agencies. 

Minor 
Effect would be mitigated through 

consultations with regulatory agencies. 

Negligible 
Effect on wetland ecosystem quality 

and/or quantity would be imperceptible. 

Duration  

Wetland impact duration evaluation 

criteria would be the same as for water 

quality. 
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Table 4ï13. Evaluation Criteria for Analyzing Water Resource Impacts (continued) 

Attribute  

Evaluation Criteria  

Surface Waters Groundwater 

Wild and Scenic Rivers 

Context  

Not Applicable 

Global 

Effect would substantially diminish the 

global protection status of wild and 

scenic rivers. 

Regional 
Effect would entail an entire designated 

river corridor. 

Localized 

Effect would be limited to the portion of 

the river corridor in immediate vicinity 

of the impact source. 

Intensity  

Major 

Effect would generate a conflict with 

Federal and/or state wild and scenic river 

protection programs or violates a Federal 

or state regulation. 

Moderate 

Effect may generate a conflict with 

federal and/or state programs but could 

be mitigated through consultations with 

regulatory agencies. 

Minor 
Effect would be mitigated through 

consultations with regulatory agencies. 

Negligible 
Effect on the river corridor would be 

imperceptible. 

Duration 

Wild and scenic river effect duration 

evaluation criteria would be the same as 

for water quality. 

4.3.2 No Action Alternative 

4.3.2.1 Surface Water 

Surface water resources of concern include rivers, smaller streams, impoundments (lakes, ponds, 

sloughs, etc.), lagoons, wetlands, floodplains, coastal zones, and the Beaufort Sea within the 

PFRR launch corridor.  Wild rivers are those federally designated rivers that are managed by the 

U.S. Department of the Interior (USDOI) to preserve a natural state.  Depending on the location, 

the thickness of frozen surface water within the PFRR flight corridor can range from a few 

centimeters to several meters during a large portion of the year. 

Launch Operations 

This analysis focuses on both the potential for exhaust emitted from rocket motors and potential 

onsite materials handling accidents to affect the quality of stormwater runoff from the PFRR 

launch site.  The primary rocket exhaust byproducts of concern include aluminum oxide 

particulates and hydrogen chloride gas, which combines with water or water vapor to form 

hydrochloric acid droplets (see Section 4.2.2.1).  These materials would likely settle on the 

immediate vicinity of the launch pad and snow and/or ice ground cover within tens of meters of 
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the pad.  In any one area surrounding the pad, the amounts of exhaust materials would likely be 

present in small amounts.  Since all launches occur in winter, launch residues would likely 

remain on the pad or snow cover until spring melting; some materials could be transported off 

site during severe winter storms.  It is expected that under normal conditions, rocket exhaust 

clouds would disperse relatively quickly.   

The EPA does not list aluminum oxide as a hazardous material requiring treatment or disposal.  

At the expected low concentrations, aluminum is a nutrient that could benefit plant growth 

(Bohn et al. 1979).  A short-term hydrochloric acid-induced slight decrease in pH (increase in 

acidity) could occur in small drains or ditches near the launch pad.  

Runoff from the PFRR launch site discharges through a series of ditches and drains into the 

Chatanika River.  The launch site does not have or require National Pollutant Discharge 

Elimination System-permitted stormwater discharge outfalls.  The area has limited summer 

rainfall and relies on natural drainage features to collect and convey runoff to constructed 

drainage features.  Launch site flooding from the Chatanika River spring melt and breakup is rare 

and normally minor in extent.   

The accidental release of hazardous materials such as fuels, oils, lubricants, batteries, alcohols, 

and acetone during rocket launch preparation could also impact water quality.  However, pre-

flight preparations would take place within existing facilities and precautions are taken to 

prevent and control spills.  PFRR maintains strict adherence with applicable Hazardous Materials 

Transportation Act, Toxic Substances Control Act, Resource Conservation and Recovery Act, 

and Hazardous and Solid Waste Act regulations and requirements to prevent and control 

accidental spills.  The potential for rocket propellant or other materials to be accidentally 

released during flight is considered remote; however, PFRR emergency response personnel 

would mitigate the impact of any spill.   

In summary, given the small number of annual sounding rocket launches planned for PFRR, the 

low quantities of aluminum oxide and hydrochloric acid exhaust residues, and low risk of 

accidental spills, it is anticipated that the potential adverse impacts on surface water quality 

would be localized in context, negligible in intensity, and short-term in duration.   

Flight  Hardware 

This evaluation focuses on the potential for hardware from both normal and failed flights to 

impact water quality or affect protected waters.  Specific issues to be analyzed include the 

potential for metals, pollutants, payload batteries and other materials to impair water quality in 

general, as well as the specific characteristics of federally designated wild river segments.   

Normal Flights ï It is assumed that in most cases, normal flight hardware landing in layers of 

snow and ice would likely not penetrate the frozen soil or would enter the soil to a depth of less 

than 0.6 meters (2 feet).  Impacts with rocky materials and thick ice could minimize penetration 

depth, whereas areas with underlying wetland soils may present reduced resistance, particularly 

in the early or later months of the launch season (e.g., October or April).  The weight, velocity, 

and orientation of the falling flight hardware would also affect penetration depth. Similarly, 

intact stages and payloads directly impacting frozen water bodies could come to rest on the 

surface or could penetrate the ice. 



Draft Environmental Impact Statement for the Sounding Rockets Program at Poker Flat Research Range 

4ï26 SEPTEMBER 2012 

In most cases, flight hardware would not be exposed to fluid aquatic environments until spring 

melt, except for spring-fed stream segments in the Arctic Coastal Plain, Arctic Foothills, and 

Brooks Range Ecoregions that may continue to flow during winter (see Chapter 3, Section 3.3.4, 

ñEcoregionsò).  The dynamic nature of Beaufort Sea ice breakup and deforming (see 

Section 3.3.4.1, ñBeaufort Sea Ecoregionò) and river ice-jams during spring and summer could 

also affect the physical integrity and distribution of hardware. 

Steel, magnesium, and aluminum components that enter freshwater or marine environments have 

the potential to corrode and introduce metal ions to the water column.  During wet corrosion, the 

metal electrons combine with atoms of oxygen and water to make a new hydroxyl ion that reacts 

to make a stable compound with the metal ions.  These new compounds are either deposited 

loosely on the metal itemôs surface or away from it, thus providing little protection from 

continued corrosion.  Once corrosion starts, it continues until the ingredients are exhausted.  It is 

estimated that even under long-term interment within the water column, toxic concentrations of 

metal ions would not be produced because of the slow rates of corrosion and mixing and dilution 

characteristics of most freshwater and marine environments.   

Expended rocket stages may also contain trace amounts of solid propellant not burned during 

normal flights.  Solid propellant dissolves slowly, and the small amounts that would likely occur 

would dissipate within hours or days in freshwater and marine ecosystems.  Potential effects 

would likely be most pronounced in close proximity of the propellant and in small  

(0.05-hectare [0.1-acre] or less), shallow ponds and sloughs.  Of the ecoregions within the PFRR 

launch corridor, Yukon Flats likely has the highest overall density of these water features.  

However, considering the limited number of stages expended over the PFRR launch corridor, 

dilution and dispersion effects of freshwater and marine environments, potential biological 

immobilization and degradation, and the minor amount of materials likely involved, very minor, 

localized impacts on surface water features are anticipated. 

Payloads may contain battery electrolytes, hydraulic fluids, and other materials that could affect 

water quality.  Silver zinc and nickel cadmium are common types of power systems 

(NASA 2001).  The types, quantities, and combinations of these payload materials can vary with 

each flight experiment and are discussed in detail in Section 4.12, Waste Management.  These 

materials occur in relatively small quantities for most sounding rocket payloads and may be 

recovered.  In the case of flights that terminate accidentally, recovery teams attempt to recover 

all on- and offsite fragments.  Based on the relatively low number of flights, small payload 

quantities, and established recovery procedures in the event of a failure, negligible impacts on 

the quality of surface water features, including wetlands and coastal zones, are anticipated.   

Failed Flights ï The most likely causes leading to a sounding rocket failure would be non-

ignition of a motor during ascent followed by burn-through of the rocket motor casing.  Should a 

motor fail to ignite, the vehicle would fall to Earth and explode on ground impact, producing 

fragmented metal and small amounts of unspent propellant.  Should a rocket motor experience 

burn-through, it would most likely expend its propellant prior to landing.  Depending on which 

stage the failure were to occur, upper stages would not ignite and would detonate upon landing.  

This type of malfunction, although possible, would be rare and likely have an occurrence 

probability of approximately two percent based on past NASA experience (Hickman 2012).  

Should such a failure occur, a PFRR recovery team would, to the degree possible, locate and 

retrieve all components of the rocket. 
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It is estimated that a rocket vehicle explosion on non-wetland areas could create a crater 

estimated to be as large as 6 meters (20 feet) in diameter, up to 3 meters (10 feet) deep, with an 

area of 28 square meters (304 square feet). The surface snow, ice, and frozen surface soils in the 

immediate area would partly melt.  The greater the depth of the snow or ice or the harder the 

surface impacted, the lower the amount of land that would be disturbed.  During the spring melt 

process, runoff could result in soil erosion.  The extent of soil detachment and transport by runoff 

could range from minor sheet erosion to the development of a gully system that may contribute 

amounts of sediment.  The mechanics of soil erosion for a site would be highly variable and 

primarily depend on the volume, velocity, and duration of surface runoff, soil morphology, 

vegetative cover, and topography.  An example of what would be considered a worst-case failed 

flight scenario is shown below in Figure 4ï4, which depicts the impact site of a Black Brant V 

motor (the third stage of a Black Brant XII launch vehicle) that failed to ignite in March 2005.  

However, other failed flights, such as that of the March 2003 Terrier-Improved Orion depicted 

below in Figure 4ï5, would be expected to have little, if any physically induced disturbances to 

water resources. 

Water resource exposure to unspent quantities of rocket propellant may occur following a flight 

failure.  It is assumed that most of the propellant would explode upon impact of the failed 

payloads or stages and any remaining residual composite-base solid propellant would be 

fragmented into smaller pieces averaging less than 2 kilograms (5 pounds).  The chemical 

material of particular concern would be aluminum perchlorate, which typically composes 50 to 

85 percent by weight of the propellant.   

 

Figure 4ï4.  Impact Site of Non-Ignited 
Black Brant V from March 2005 
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Figure 4ï5.  Impact Site of Failed Terrier-Improved  
Orion from March 2003 

A laboratory study conducted by Lang et al. (2003) investigated the rates for perchlorate release 

from composite-base propellants immersed in water as affected by salinity (deionized water and 

salt-water solutions) and temperature.  Samples were studied at temperatures ranging from 5, 20, 

and 29 degrees Celsius (°C) (41, 68, and 84 degrees Fahrenheit [°F]).  The results showed a 

direct correlation between increased rates of perchlorate release with increasing temperature, 

higher release rates in pure water than in salt water, and larger immersed samples.  The 

diffusion
2
 coefficients for tested propellants ranged from of 1.1 × 10

ï13
 to 3.6 × 10

ï12
 square 

meters per second (1.2 × 10
ï12

 to 3.9 × 10
ï11

 square feet per second).  The estimated time for a 

propellant sample to lose 90 percent of its mass to leaching is presented in Table 4ï14. 

Table 4ï14.  Estimated Time to Reach 90 Percent 
Mass Loss of Perchlorate from Propellant Sample 

Water Type 

Water Temperature 

Days Years Celsius (Fahrenheit) 

Deionized Water 

29 (84) 200 0.5 

20 (68) 330 0.9 

5 (41) 3,800 11.0 

Salt Water 

29 (84) 270 0.7 

20 (68) 540 1.5 

5 (41) 6,700 18.0 

Source: Lang et al. 2003. 

                                                 
2
 Diffusion is the process whereby material is transported by the random movements of molecules.  There is an 

average measurable movement of areas of high to low areas of concentration (Lang et al. 2003). 
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Based on the lowest average temperature of 5 °C (41 °F)
3
 shown in Table 4ï14, it would take 

approximately 11 to 18 years for 90 percent of perchlorate to leach from propellant immersed in 

freshwater and marine ecosystems, respectively.   

Based on the low probability of a flight terminating and producing unspent propellant, dynamic 

hydrologic dispersion and dilution effects of wave action and ocean currents, large volume of 

water available for dilution, and expected slow rate of perchlorate release, no impacts on 

Beaufort Sea water quality are anticipated.  For freshwater ecosystems, potential impacts could 

occur, particularly in small (less than 0.1-hectare [0.2-acre]), shallow ponds and sloughs.  At the 

expected low concentrations, ammonium is a plant nutrient that could stimulate plant growth for 

short periods.  Perchlorate ions tend to react (oxidize) with organic matter that is common to 

many wetlands and pond ecosystems within the PFRR launch corridor.  Potential adverse water 

quality impacts would be localized in context, minor in intensity, and short-term in duration.  

Wild Rivers ï Four federally designated Wild River segments occur partly or wholly with the 

PFRR launch corridor (see Chapter 3, Section 3.3.2, Table 3ï8 ñPoker Flat Research Range 

National Wild and Scenic River Segmentsò).  It is possible for flight hardware from normal 

flights and flights that malfunction to land within these river segments.  From a purely biological 

or chemical perspective, if flight hardware were to land within a designated river, the effects 

would be the same as equivalent non-designated water bodies; however, given their special 

designation, additional socio-cultural effects could occur.  These potential effects are discussed 

in this PFRR EIS in Section 4.8, Land Use and Recreation. 

The potential for sounding rocket hardware to land within wild river segments was calculated 

(see Appendix G). Potential impact areas would include the designated Wild river channel and 

adjacent land areas.  For a typical launch from PFRR, the potential for flight hardware impacts 

on the Beaver Creek, Ivishak River, and Wind River designated wild river segments is estimated 

to be 6, 4, and up to 5 percent, respectively (see Appendix G, Table Gï2).  Potential impact 

ellipses range in size from 2,600 to 28,400 square kilometers (1,000 to 11,000 square miles).  

Based on these low relative probabilities, it is estimated that the potential for flight hardware 

from a typical launch to land within the designated Wild River corridors is remote; therefore, 

impacts  are anticipated to be negligible.  Additional information on flight hardware impact 

probabilities is discussed in Section 4.15.9, Cumulative Effects, and Appendix G.   

Search and Recovery 

Payload recovery operations (e.g., hand-digging buried items) have the potential to disturb 

surface soils, which in turn could result in sediment-laden runoff entering nearby waterways 

during storm events.  However, those payloads planned for recovery would employ recovery 

systems (parachutes), which would substantially reduce the potential for burial.  Accordingly, the 

extent of potential disturbance would be minor in intensity, localized in extent, and short-term in 

duration. 

                                                 
3
 Average water temperatures in the Beaufort Sea are estimated to be approximately 0 °C (32 °F) (Encyclopedia 

Britannica  2011) and average water temperatures in Arctic National Wildlife Refuge (NWR) are also expected to 
be low due to melting snow and ice.   
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Should a helicopter or airplane accident occur during search or recovery operations, there is the 

potential for fuselage metal debris, fuel, and other materials to land in surface water and affect 

water quality.  Impacts would primarily be associated with the release of fuels and hydraulic 

fluids.  The cleanup of reportable quantities of hazardous materials is also required under the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 

(42 U.S.C. 9601 et seq.).  Since the probability of an accident is remote and it is anticipated that 

spills would be cleaned up to CERCLA standards, no environmental impacts on surface waters 

from search and recovery activities were identified.  

4.3.2.2 Groundwater 

Subsurface water features of concern include near-surface groundwater associated with perched 

and permafrost talik layer (see Chapter 3, Section 3.4.1, ñPermafrostò), water tables, and 

perennial springs.  Near-surface water tables a few centimeters to 1 meter (3.3 feet) below the 

surface are common to the Arctic Coastal Plain and ecoregions south of Brooks Range.  These 

systems interact directly with surface water features.  Even during the coldest winters, some 

groundwater continues to flow beneath much of the PFRR launch corridor.   

Launch Operations 

Although there is a potential for spills of hazardous materials during flight preparation activities 

and deposition of low amounts of rocket exhaust residues on the surface to affect water tables, no 

groundwater impact pathways were identified.  No perennial springs were identified in the 

vicinity of the PFRR launch site.  Accordingly, it is anticipated that the impacts on the PFRR 

launch site water table or perennial spring water quality would be negligible.   

Flight  Hardware 

Normal and failed flights would produce hardware that would reside on the surface or could 

penetrate the soil during winter.  Potential exposure of near-surface groundwater to metal ions, 

perchlorate propellant residues, battery electrolytes, or hydraulic fluids from the limited number 

of NASA SRP launches from PFRR would be localized and likely at trace-level concentrations.  

Failed rocket impacts and surface detonation could cause an immediate disturbance of  

near-surface groundwater environments, but overall effects would be considered negligible.  

Impacts on water table or perennial spring water quality or recharge are anticipated to be 

negligible.   

Search and Recovery 

Search and recovery activities could occur in areas with near-surface groundwater and perennial 

springs.  Operational impacts on groundwater features would be associated with an unintended 

fuel or hydraulic fluid spill by a helicopter at the recovery site during debris item extraction.  

Fluid spills could also occur from fixed-wing aircraft or helicopter accidents during search and 

recovery operations.  These impact scenarios would rarely occur within the PFRR launch 

corridor, and individual events would be isolated and limited in extent.  The limited number of 

search and recovery operations under the No Action Alternative would also reduce the 

probability of adverse impacts.  Therefore, impacts on groundwater resources are anticipated to 

be negligible. 
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4.3.3 Alternative 1 ï Environmentally Responsible Search and Recovery  

Under Alternative 1, the number of anticipated rocket launches at PFRR would remain the same 

as the No Action Alternative.  Additional efforts would be made to locate and recover historic 

spent stages and payloads and recover, to the extent practicable, newly expended rocket stages in 

an environmentally sensitive and safe manner.  Accordingly, additional recovery-related surface 

disturbance would occur, potentially increasing the potential for sediment-laden runoff to enter 

surface waters.  The risk of spills from recovery equipment would also increase; however, the 

additional impacts on surface water or groundwater resources beyond those discussed for the No 

Action Alternative in Section 4.3.2 would be minor.  NASA would ensure that recovery crews 

minimize and mitigate any site damage incurred during recovery. 

4.3.4 Alternative 2 ï Maximum Cleanup Search and Recovery  

Under Alternative 2, the number of anticipated rocket launches at PFRR would remain the same 

as the No Action Alternative.  Maximum practical efforts would be made to locate and recover 

historic spent stages and payloads and recover, to the degree possible, newly expended rocket 

stages.  During search and recovery operations, there would be the potential for impacts that are 

minor in magnitude and short-term in duration.  Actions would be taken to minimize and 

mitigate any site damage incurred during recovery; however, a more frequent and aggressive 

recovery program could result in the greatest potential for impacts on surface waters through 

land disturbance during removal, as well as risk of fuel spills.   

4.3.5 Alternative 3 ï Environmentally Responsible Search and Recovery with 

Restricted Trajectories 

Impacts on surface water and groundwater quality under Alternative 3 would be similar to those 

identified under Alternative 1 in Section 4.3.3, with the exception of NASAôs restricting 

trajectories on future launches such that designated wild river segments would not be allowed to 

have predicted impact points for stages or payloads within them.  These restricted trajectories 

could lessen the already low probabilities that spent stages or payloads would land within 

designated Wild and Scenic River segments within PFRR. 

4.3.6 Alternative 4 ï Maximum Cleanup Search and Recovery with Restricted 

Trajectories 

Impacts on surface water and groundwater quality under Alternative 4 would be similar to those 

identified under Alternative 2 in Section 4.3.4, with the exception of NASAôs restricting 

trajectories on future launches such that designated Wild and Scenic River segments or proposed 

Wilderness Areas would not be allowed to have predicted impact points for stages or payloads 

within them.  These restricted trajectories could lessen the already low probabilities that spent 

stages or payloads would land within designated Wild and Scenic River segments within PFRR. 

4.3.7 Summer Launches 

There is a possibility that a rocket experiment could be launched from PFRR during the summer.  

Compared to winter conditions, interaction of flight hardware with surface water or groundwater 

resources would be more immediate.  However, the principles and patterns of possible water 
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resource impacts would follow similar trends and ultimate endpoints, as discussed in the 

previous subsections related to surface water and groundwater impacts.  No further precautions 

would be required related to potential surface water and groundwater impacts should a summer 

launch be planned from PFRR. 

4.4 GEOLOGY AND SOILS  

This section describes potential impacts on geology and soil resources in and around PFRR and 

under the launch corridor as a result of the alternatives. 

4.4.1 Methodology 

The project alternatives do not include construction or significant surface alteration activities that 

would expose or disrupt geologic formations or impact glaciers, cause slope mass wasting and 

debris avalanches, or induce seismic activity.  Further analysis of potential consequences to 

geologic features is subsequently excluded from this section.  However, there is the potential for 

soil impacts, including soil damage and soil erosion.   

The determination of soil impacts is based on an analysis of the potential for PFRR alternative 

rocket launch and search and recovery activities to alter the physical or chemical properties of 

soil or increase the potential for soil erosion. Criteria for evaluating potential impacts on soil 

resources are presented in Table 4ï15.  

Table 4ï15.  Evaluation Criteria for Analyzing Soils Impacts 

Attribute  Evaluation Criteria  

Type  

Adverse 
The impact would result in some level of impairment, degradation, or disturbance to 

soil resources. 

Beneficial 
The impact would result in some level of environmental improvement to soil 

resources. 

Attribute  Soil Chemistry 

Context  

Global Effect would have worldwide implications on the quality of soil resources. 

Regional 
Effect would be transported by runoff or stream flow throughout the watershed, 

subbasin, or basin. 

Localized Effect would be isolated to the area affected by the disturbance source. 

Intensity  

Major  
Effect would generate a substantial change in multiple soil chemistry parameters and 

result in the eradication of one or more naturally occurring soil organisms. 

Moderate 
Effect would create a noticeable change in one or more soil chemistry parameters and 

result in discernible declines in naturally occurring soil organisms. 

Minor 

Effect on soil chemistry and/or soil organisms would be at a low level of detection 

and present no contamination risks; effect could be mitigated by onsite personnel or 

consultations with regulatory agencies. 

Negligible 
Effect on soil chemistry and/or soil organisms would be at the lowest level of 

detection or imperceptible. 
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Table 4ï15.  Evaluation Criteria for Analyzing Soils Impacts (continued) 

Attribute  Soil Chemistry (continued) 

Duration  

Long-Term 
Effect on soil chemistry beyond natural thresholds and/or declines in soil organisms 

would persist for the duration of the program or beyond. 

Medium-Term 
Effect on soil chemistry and/or soil organisms would stabilize within a few months to 

years. 

Short-Term 
Effect on soil chemistry and/or soil organisms would stabilize within a few days to 

months. 

Attribute  Soil Erosion 

Context  

Global 
Effect would have worldwide implications on the quality and/or quantity of soil 

resources. 

Regional 
Sediment generated by the disturbance source rill and/or gully erosion features is 

discharged off site onto adjacent land areas, water bodies, and/or watershed streams. 

Localized 
Sediment generated by sheet and/or rill erosion features remains on site in close 

proximity to the disturbance source and is not discharged into water resources. 

Intensity  

Major  

Impact site disturbances are extensive and prominent gully features deliver substantial 

amounts of sediment off site that may smother terrestrial vegetation or is discharged 

into water resources; a violation of the Clean Water Act. 

Moderate 
Impact site exhibits prominent area of bare ground and rill and/or gully features are 

present; generated sediment primarily remains on site. 

Minor 

Impact site exhibits physical soil disturbances and soil sheet and/or rill features are 

present but would quickly stabilize or be mitigated by onsite personnel or 

consultations with regulatory agencies. 

Negligible 
Impact site exhibits small areas of ground disturbance and the effects of erosion are 

imperceptible; no distinguishable erosion features would form. 

Duration  

Long-Term 
Effect of gully soil erosion features would persist for the duration of the program or 

beyond. 

Medium-Term Effect of rill and/or gully soil erosion features would stabilize within months to years. 

Short-Term 
Effect of sheet and/or rill soil erosion features would stabilize within weeks to 

months. 

4.4.2 No Action Alternative 

Activity-induced soil erosion and sediment generation and offsite delivery can damage and 

destabilize soils, impact water quality, and alter localized area biological productivity.  The 

Gelisol soil order, which is dominant within the Arctic Coastal Plain, Arctic Foothills, and 

Brooks Range Ecoregions, is particularly sensitive to surface disturbance, and impacts are often 

long-term and irreversible (see Chapter 3, Section 3.4.5 ñEcoregionsò).  Disruption of surface 

soils that alters the seasonal patterns and properties of thawing and freezing could adversely 

affect permafrost integrity.  The sandy soil texture that characterizes many soil series in the 

Entisol soil order that frequently occupies portions of stream and river floodplains and sandy to 

silty soil texture of soil series in the Incepitosol soil order may be particularly susceptible to 

runoff-induced soil erosion and sedimentation (Section 3.4.4, ñSoil Orders,ò and Table 3ï11, 

ñPoker Flat Research Range Soil Ordersò).  Entisols and Incepitosols are common to the Interior 
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Forested Lowlands and Uplands, Interior Highlands, and Yukon Flats Ecoregions (see Chapter 3, 

Section 3.4.5). 

4.4.2.1 Launch Operations 

This analysis focuses on the potential impacts of rocket launches and accidental spills of 

chemical materials during launch preparations on PFRR launch pad area soil chemistry and soil 

erosion.  During launches, the rocket composite-base motors would deposit aluminum oxide 

particulates and hydrogen acid droplets created when hydrogen chloride gas combines with water 

or water vapor.  These materials could come into contact with soils not covered with snow in the 

immediate launch area.  

The ground concentration of aluminum oxide and hydrogen acid per launch event is anticipated 

to be small, and deposition of measurable levels from moving exhaust clouds would likely be 

negligible.  Hydrogen acid droplets would be dispersed in the exhaust cloud and would likely not 

reach concentrations that would affect soil pH.  However, aluminum oxide has the potential for 

long-term residence in the soil environment, which could affect soil chemistry.  It is estimated 

that expended aluminum oxide particulates would be confined to the immediate soil area and 

would remain within a few centimeters of where they first contacted the soil because of the 

strong retention characteristics of inorganic and organic components, plant uptake and decay, 

and other mechanisms.  Once released, metal molecules become mobile or immobile in the soil, 

depending on the site characteristics of the soil, vegetation, hydrology, and climate.  Aluminum 

is a plant nutrient that may be sequestered by plants near the launch pads (Bohn et al. 1979; 

McLean and Bledsoe 1992).  It is expected that over multiple launches, aluminum oxide and 

hydrogen chloride in the soil would remain at non-critical levels.  Additional soil disturbance 

could increase the mobility and availability of aluminum, as well as its susceptibility to offsite 

transport. 

Pre-flight preparation could result in accidental spills of hazardous materials such as fuels, oils, 

lubricants, batteries, alcohols, and acetone during rocket launch preparation, which in turn could 

affect soil chemistry.  However, nearly all pre-launch activities involving such substances are 

performed within shelters or buildings, further reducing the potential for a release.  PFRR 

maintains strict adherence with applicable Hazardous Materials Transportation Act, Toxic 

Substances Control Act, Resource Conservation and Recovery Act, and Hazardous and Solid 

Waste Act regulations and requirements to prevent and control accidental spills. 

In summary, it is anticipated that the potential impacts on soils associated with the limited 

number of annual sounding rocket launches (an average of four per year), low quantities of 

aluminum oxide and hydrochloric acid residues, and low probability of accidental spills at PFRR 

would be localized in context, negligible in intensity, and short-term in duration.  

4.4.2.2 Flight  Hardware 

This evaluation focuses on the potential for flight hardware from normal flights and failed flights 

to impact PFRR launch site and launch corridor soil environments.  Specific issues to be 

analyzed include the potential for fallen hardware to affect soil disturbance and erosion and for 

metals, propellants, payload batteries, and other materials to impact soil chemistry.   
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Normal Flights ï For normal flights, a rocket stage returning to Earth at ballistic velocities could 

disturb and displace soil materials on impact.  However, since all launches would be conducted 

during winter, when the surface is covered in snow and ice, the potential damage to the surface 

would be significantly reduced.  It is anticipated that most flight hardware would not impact the 

ground surface but would remain in the ice or snow until the area thaws, and the items that do 

impact the ground surface would result in minor secondary soil disturbance.  Under winter snow 

and ice cover and frozen soil conditions, no soil erosion impacts or degradation of permafrost 

from flight hardware is expected.   

Rocket steel, magnesium, and aluminum components that reenter and land on the ground could 

corrode and introduce metal ions to the soil environment.  During dry corrosion, metal atoms and 

oxygen combine to produce a protective surface layer of converted metal (oxide) that does not 

react with oxygen in the air or the metal.  Eventually, the layer of oxide grows so thick that the 

movement of electrons and ions that fuels the corrosion process stops.  Provided the layer of 

oxide is thick enough and not cracked or perforated, the metal is protected from further 

corrosion.  However, the protective layer may crack and spall due to the differences in the 

thermal expansion coefficients between the corrosion products and the metal.  Dry corrosion is 

primarily regulated by climate and soil chemistry and ranges from a few years to hundreds of 

years (USEPA 2001, 2002; Rashidi et al. 2007).  In most cases, metal ions introduced to the soil 

surface tend to be relatively immobile or move slowly through the soil profile (McLean and 

Bledsoe 1992).  The relatively low rainfall and cooler climate of PFRR reduce metal corrosion 

rates compared to warmer, wetter climates.  As such, no measurable impacts on PFRR launch 

site or launch corridor soil chemistry are anticipated from the corrosion of metal debris.   

Expended rocket stages may also contain trace amounts of solid propellant, and vehicle payloads 

may contain battery electrolytes, hydraulic fluids, and other toxic materials that could affect soil 

chemistry.  Perchlorate in the soil at levels of about 100 to 1,000 milligrams per liter (100 to 

1,000 parts per million) could decrease soil respiration, which may adversely affect nutrient 

cycling and plant growth.  However, the levels of perchlorate in the soil associated with normal 

flights are expected to be well below 100 milligrams per liter (100 parts per million).  The 

buffering capacity of soils with substantial amounts of organic matter would further diminish 

potential effects on soil chemistry (Federer and Hornbeck 1985).  Based on the relatively low 

number of flights, small payload quantities, relatively small ground area that would be affected, 

low levels and decomposition rates of perchlorate in the soil, and recovery procedures as 

outlined in Section 4.3.2.1, adverse impacts on soil chemistry would be short-term, negligible, 

and localized. 

Failed Flights ï Failed rockets that fall to the Earth and explode on impact could affect surface 

soil physical and chemical environments.  It is estimated that a rocket vehicle explosion on non-

wetland areas could create a crater estimated to be up to 6 meters (20 feet) in diameter, up to 

3 meters (10 feet) deep, with an area of 28 square meters (304 square feet).  The surface snow, 

ice, and frozen surface soils in the immediate area would partly melt.  During the spring melt 

process, runoff could result in disturbance area site soil erosion and subsequent offsite sediment 

delivery.  Sediment generation and delivery are discussed in Section 4.3.2.1.  Most of the 

propellant would be consumed at impact or in secondary burn-offs of dispersed material. In 

summary, potential adverse impacts on soil erosion would be possible, minor in intensity and 

medium-term in duration.  Short-term, localized, negligible adverse impacts on soil chemistry 

are anticipated.   
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4.4.2.3 Search and Recovery 

Under the No Action Alternative, expended payloads would only be recovered if desirable for 

scientific or programmatic needs.  No impacts on soil resources associated with the transfer of 

materials from helicopter to fixed-wing aircraft for ultimate delivery to the PFRR launch site are 

anticipated.   

Recovery operations have the potential to disturb surface soils; however, the effects are expected 

to be negligible.  Since off-road vehicles (i.e., snow machines) would only be used in response to 

an off-nominal flight that would have landed immediately downrange from the launch site, soil 

compaction and rutting damage would not be expected.  Snow at depths greater than 

25 centimeters (10 inches) has been found to measurably reduce potential subsurface 

disturbances from much larger off-road vehicles (Felix and Raynolds 1989), and given that a 

snow-machine-based response would not likely entail many passes over the same trail, any 

effects would be negligible.  It is possible that small quantities of fuels or lubricants could be 

deposited along regularly used trails (Ingersoll 1999); however, the limited use of these vehicles 

would not result in measurable impacts on soils.  Should a helicopter or airplane accident occur 

during search or recovery operations, there is the potential for fuselage metal debris, fuel, and 

other materials to affect soils.  However, based on previous analysis, negligible adverse impacts 

on soil chemistry are anticipated and adverse impacts on soil erosion would be minor in 

magnitude and medium-term in duration.   

4.4.3 Alternative 1 ï Environmentally Responsible Search and Recovery  

Under Alternative 1, the number of anticipated rocket launches at PFRR would remain the same 

as the No Action Alternative.  Additional efforts would be made to locate and recover historic 

spent stages and payloads and recover, to the extent practicable, newly expended rocket stages in 

an environmentally sensitive and safe manner.  Therefore, potential impacts beyond those 

discussed for the No Action Alternative would be minor.   

4.4.4 Alternative 2 ï Maximum Cleanup Search and Recovery  

Under Alternative 2, the number of anticipated rocket launches at PFRR would remain the same 

as the No Action Alternative.  Maximum practical efforts would be made to locate and recover 

historic spent stages and payloads and recover newly expended rocket stages.  During recovery 

operations, there would be the potential for isolated impacts that are minor in magnitude and 

short-term in duration.  Actions would be taken to minimize and mitigate any site damage 

incurred during recovery.  No additional impacts on soils beyond those discussed for the No 

Action Alternative in Section 4.4.2 are anticipated. 

4.4.5 Alternative 3 ï Environmentally Responsible Search and Recovery with 

Restricted Trajectories 

Impacts on soils under Alternative 3 would be identical to those identified under Alternative 1 in 

Section 4.4.3, with the exception of NASAôs restricting trajectories on future launches such that 

designated Wild River segments or Wilderness Areas would not be permitted to have predicted 

impact points for stages or payloads within them.  These restricted trajectories would not change 

the potential impacts on soils within PFRR. 
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4.4.6 Alternative 4 ï Maximum Cleanup Search and Recovery with Restricted 

Trajectories 

Impacts on soils under Alternative 4 would be identical to those identified under Alternative 2 in 

Section 4.4.4, with the exception of NASAôs restricting trajectories on future launches such that 

designated Wild and Scenic River segments or Wilderness Areas would not be allowed to have 

predicted impact points for stages or payloads within them.  These restricted trajectories would 

not change the potential impacts on soils within PFRR. 

4.4.7 Summer Launches 

Compared to winter conditions, interaction of rocket stages with soil resources would be more 

immediate because there would not be as much snow and ice on the surface to cushion the 

impact of spent stages or payloads.  However, the principles and patterns of possible soil-related 

impacts would follow the same trends and ultimate endpoints, as discussed in the previous 

subsections, and no substantial direct impacts on soils are expected to result from summer 

launches.  Indirect impacts could result from the increased likelihood of a wildfire starting as a 

result of a spent stage igniting such a fire.  Under such circumstances, before a summer launch 

was conducted, additional precautions would be taken to minimize the risks associated with 

igniting such a fire, including notifying appropriate fire patrol personnel. 

4.5 NOISE 

This section describes potential impacts that would result from noise generated by the 

alternatives.  The primary focus of this section is to characterize the noise levels that would 

occur.  The potential effects of the noise on receptors (e.g., wildlife, recreational users) are 

discussed within each resourceôs respective section.  

4.5.1 Methodology 

Noise impacts could result from routine PFRR activities, employee vehicles, delivery vehicles, 

rocket launches, and search and recovery activities.  Noise from ongoing routine activities at 

PFRR is evaluated qualitatively.  Noise from sounding rockets and search and recovery aircraft 

is provided in a quantitative format.  

Estimation of Rocket Noise 

NASA estimated rocket noise levels using a simple methodology that considers several of the 

primary performance factors of a rocket.  The overall sound power of a rocket is taken to be 

one-half percent of its mechanical power; mechanical power is simply half the product of the 

rocket thrust and the gas velocity at the rocket nozzle exit plane.  The gas exit velocity does not 

vary too much for different rockets, so it is the thrust that mainly determines the sound power.  

When these parameters are known, a source level calculation can be made.  

Noise impacts from the BB XII and T-IO launch vehicles are presented as they are expected to 

generate the highest noise levels of the launch vehicles planned for future use at PFRR.  

Although other launch vehicles may be used at PFRR, their associated noise levels are expected 

to be less than or equal to the BB XII and T-IO.  Much of the discussion regarding rocket noise 
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is adapted from the SRP SEIS (NASA 2000a), with appropriate modifications to focus on 

launches from PFRR.   

An additional quantitative analysis that was not performed for the SRP SEIS (NASA 2000a), but 

is included in this section, is the characterization of potential sonic booms felt on the ground 

during flight.  For this analysis, NASA employed the PCBoom4 computer model (Plotkin and 

Grandi  2002). 

Estimation of Aircraft Noise 

Aircraft noise levels from search and recovery activities were calculated using the Federal 

Aviation Administrationôs INM [Integrated Noise Model] (FAA 2008).  Each search and 

recovery operation would warrant specific consideration, and accordingly, a variety of craft 

could be flown.  The specific vehicles that were chosen for this EIS are representative of the 

class of aircraft that would be employed by PFRR during such efforts.  Other aircraft may be 

used by PFRR; however, noise levels would not be expected to deviate substantially from those 

evaluated. 

An important consideration when assessing sound generated by aircraft is slant distance, which is a 

combination of aircraft height above ground level (AGL) and the horizontal distance from the 

receptor to an aircraft not directly overhead.  A National Park Service study (Anderson and 

Horonjeff  1992) described the relationship between increasing altitude or slant distances and 

diminution of sound levels.  Very large reductions in sound levels (on the order of 15 to 

25 decibels [dB]) are experienced as altitude or slant distance increases from 38 to 305 meters 

(125 to 1,000 feet).  Increases from 305 to 610 meters (1,000 to 2,000 feet) in altitude would 

produce smaller, but still moderate to substantial, reductions (on the order of 4 to 8 dB).  

Between 610 and 2,133 meters (2,000 and 7,000 feet) AGL, 305-meter (1,000-foot) increases in 

distance produce considerably smaller reductions in sound levels (on the order of 3 to 5 dB) and 

above 2,133 meters (7,000 feet) AGL, each 305-meter (1,000-foot) increase in altitude results in 

only very small reductions in sound level (Anderson and Horonjeff 1992). 

Classification of Impacts 

For the evaluation of magnitude of noise impacts, major impacts would be any that result in 

noise levels that interfere with long-term use of nearby properties or displacement of wildlife in 

wilderness or wildlife refuge areas (see Section 4.7).  Moderate impacts would be those that 

result in temporary interference with intended uses of nearby properties, temporary startle of 

wildlife, or temporary interference with the natural experience of visitors to a wilderness, 

wildlife refuge, or recreation area, such as from the low-level overflight of a search plane or 

helicopter.  Minor impacts would be those that result in measurable noise levels but do not 

normally interfere with activities, result in startle of wildlife, or normally interfere with the 

natural experience of visitors to a wilderness, wildlife refuge, or recreation area, such as from 

employee traffic.  Negligible impacts would be those that are immeasurable. 

For the evaluation of duration of noise impacts, short-term impacts would be any that occur for 

brief periods that are much less than the total project life, such as from rocket launches, which 

typically only produce first-stage noise for a few seconds and overall launch noise for a minute 

or two.  Medium-term impacts would be any that occur for relatively brief periods less than the 
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total project life but may occur repeatedly, such as from search and recovery operations.   

Long-term impacts would be any that occur for periods longer than medium-term and as long as 

the life of the project or longer, such as routine operations at PFRR and employee traffic. 

Although data are not readily available to characterize the naturally occurring sound levels 

within PFRRôs downrange lands, the National Park Service (NPS 2008) conducted such a study 

during summer in nearby Denali National Park.  Average sound levels ranged from 

approximately 23 decibels A-weighted (dBA) to 41 dBA, depending upon site.  The highest 

sound levels were recorded at a location near flowing water and elevated levels of aircraft 

activity.  It is acknowledged that the land areas may experience different seasonal use patterns; 

however, the information collected may serve as a reasonable proxy of conditions within the 

PFRR launch corridor. 

4.5.2 No Action Alternative 

As stated in Chapter 3, Section 3.5, sources of noise from daily activities at the PFRR launch site 

include ventilation systems, delivery vehicles, and employee vehicles.  Continued launch and 

recovery of NASA sounding rockets would be consistent with existing sources of noises at PFRR 

and no additional impacts are anticipated under the No Action Alternative. 

Launch Operations 

Noise generated by the suborbital SRP flights can be grouped into three general categories: 

launch noise, flight noise, and landing noise. Launch noise is heard primarily in the immediate 

vicinity of the launch site.  Flight noise and landing noise have not been investigated in this 

detail because they are at heights at which the noise cannot be heard or in areas where humans 

are not expected to be, such as near impact points for returning spent stages.  Far-field sound 

levels of sounding rocket launches are presented in Table 4ï16.  The four most powerful rocket 

motors in the NASA SRP that have previously been used at PFRR are Talos (the first stage of the 

BB XII), Taurus (the second stage of the BB XII), Terrier, and Nike, listed beginning with the 

most powerful.  These sound levels will persist for a fraction of a minute as the launch vehicle 

gains altitude.  Increasing distance and atmospheric attenuation then sharply reduce the sound 

level at the ground. 

Table 4ï16.  Far-Field Sound Levels Due to 
Sounding Rockets Program Rocket Launches 

Launch 

Rocket 

Overall 

Sound Power 

(kNm/s) 

Maximum Sound Levels (dBA) at 

Distances (D) from Launch Pad 

D = 1 km D = 3 km D = 11 km 

Talos 2,700 110 97 75 

Taurus 2,700 110 97 75 

Terrier 1,700 110 96 74 

Nike 990 107 91 71 

Note: To convert kilometers to miles, multiply by 0.6214. 

Key: D=distance; dBA=decibels A-weighted (referenced to 20 micro Pascals), 
km=kilometers; kNm/s=kilo Newton-meter per second.  

Source: NASA 2000. 
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Sounding rockets reach supersonic speeds very quickly (i.e., after several seconds); however, 

they generally would not generate a sonic boom noticeable on the ground due to their high angle 

of ascent (Downing 2011).  As long as a rocketôs motors are burning, noise would be generated, 

especially at the lower altitudes when the air density is appreciable.  Above a 10-kilometer  

(6-mile) altitude, where vacuum conditions are approached, no sound would be propagated.  In 

the case of a typical T-IO launched from PFRR, the vehicle reaches this altitude at approximately 

15 seconds into flight; a typical BB XII would be expected to reach the same height at just over 

25 seconds of flight time.  

When the rocketôs motors are no longer burning, only aerodynamic noise would prevail.  As the 

spent rocket stages reenter the Earthôs atmosphere at supersonic speeds, sonic booms may be 

heard on the ground; however, they would be very small when compared to commonly 

encountered sources of sonic booms, including jet aircraft.  The sonic boom analysis indicated 

that a typical reentering BB XII fourth stage would generate a sonic boom of approximately 

0.2 pounds per square foot, equating to an instantaneous peak sound level directly under the 

boom footprint of approximately 114 dB (Downing 2011).  The duration of the low-frequency 

sound would be very brief, at approximately 30 milliseconds.  In an unrelated study of sonic 

booms of similar magnitude, observers on the ground who were operating the sonic boom 

recording equipment within the predicted footprint of the sounding rocket boom ñheard the boom 

but felt that they would not have noticed it had they been engaged in an unrelated activityò 

(Plotkin et al. 2006).  By comparison, sonic booms generated by supersonic aircraft typically 

have overpressures 5 to 10 times as large (5 to 10 kilograms per square meter [1 to 2 pounds per 

square foot]) and last for 100 to 500 milliseconds.   

Descending sounding rockets would be expected to drop below the speed of sound at 

approximately 9,000 meters (30,000 feet) altitude. Spent stages or incoming payloads traveling 

at subsonic speeds would produce a characteristic whistling sound, followed by a momentary 

impact-type sound as they land on soil, ice, or a water surface.  Acoustic waves would propagate 

below the surface of solid ground or ice pack.  The sound produced and spreading of sound 

waves through the ground would depend on the nature of the ground material; the presence of 

snow and ice should help cushion the blow.  The impact noise of a stage or payload hitting the 

ice pack over the Arctic Ocean and possibly penetrating the ice pack was estimated to result in a 

low-frequency impulse noise of less than 190 dB (referenced to 1 micro Pascal).  Based on the 

transmission loss curves presented by Buck (1966) and Roth (2008), the low-frequency noise 

could be attenuated by 80 to 90 dB in 100 kilometers (60 miles).  Higher-frequency noise would 

be attenuated much more rapidly.  

In summary, the noise impact from routine PFRR activities, employee vehicles, and delivery 

vehicles would be regional, adverse, long-term, and minor.  The noise impact from rocket 

launches and spent-stage reentry and impact would be regional, adverse, short-term, and minor in 

intensity. 

Search and Recovery 

Estimates of noise levels on the ground under search and recovery aircraft typical of those that 

may be used in support of search and recovery operations at PFRR are presented in Tables 4ï17 

and 4ï18.  Permit conditions for flights over Arctic NWR and Yukon Flats NWR request a 

minimum flight altitude of 610 meters (2,000 feet) AGL, except for takeoff and landing 
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(USFWS 2011a, 2011b).  At this altitude noise levels on the ground would be between 60 and 

65 dBA from an overflight of a fixed-wing aircraft.  Noise levels from a hovering helicopter 

would be 51 dBA for a Bell 206 and 60 dBA for a Bell 214.  Noise generated during search and 

recovery aircraft operations is of medium duration.  Although no recovery operations would 

expose persons to unsafe noise levels, there is the potential for temporary annoyance if related 

sounds were heard within the context of the natural quiet of a wilderness, wildlife refuge, or 

recreation area.  The quiet of uninhabited areas may be temporarily interrupted by aircraft 

activity from search and recovery operations.  However, aircraft activity would be very 

infrequent (less than several flights total per year) and sounds of overflights are familiar to 

residents of these areas, who rely on aircraft as a primary means of year-round transportation. 

Table 4ï17.  Typical Noise Levels at Ground Level 
Under Fixed-Wing Aircraft Operations (decibels A-weighted) 

Altitude  

(meters AGL) Aviant Husky Short Skyvan 
91 82 86 

150 76 81 

305 68 73 

460 65 69 

610 60 65 

Key: AGL=above ground level.  

Note: Aviant Husky or comparable fixed-wing aircraft would be used for search 
operations and shorter-range recovery operations.  The Short Skyvan or 
comparable aircraft would be used for longer-range recovery operations.  To 
convert meters to feet, multiply by 3.281.  Levels indicated are the maximum 
sound levels in decibels A-weighted (referenced to 20 micro Pascals). 

Table 4ï18.  Typical Noise Levels at Ground Level 
Under Helicopter Operations (decibels A-weighted) 

Altitude  

(meters AGL)  

Bell 206 Jet Ranger Bell 214 Huey II 

Constant Speed 

Departure Hovering 

Constant Speed 

Departure Hovering 

8 N/A 98 N/A 110 

15 N/A 91 N/A 102 

91 82 71 88 82 

150 77 66 83 76 

305 70 59 76 68 

460 67 55 72 64 

610 63 51 68 60 

Note: The Bell 206 Jet Ranger or a comparable helicopter is typically used for search and 
recovery operations when the payload or spent stage is within the lift capability of this 
lighter helicopter.  The Bell 214 Huey II or comparable helicopter is typically used for 
recovery operations when the spent stage is heavier than the lift capability of the Bell 206 
Jet Ranger.  To convert meters to feet, multiply by 3.281.  Levels indicated are the 
maximum sound levels in decibels A-weighted (referenced to 20 micro Pascals).  

Key: AGL=above ground level; N/A=not applicable. 

In summary, the adverse noise impact from search and recovery operations would be regional in 

scope, medium-term, and minor. 
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4.5.3 Alternative 1 ï Environmentally Responsible Search and Recovery  

4.5.3.1 Launch Operations 

Under Alternative 1, noise impacts from routine operations and launch activities would be 

similar to those under the No Action Alternative.  The noise impact from routine PFRR 

activities, employee vehicles, and delivery vehicles would be regional, adverse, long-term, and 

minor.  The noise impact from rocket launches and spent-stage reentry and impact would be 

regional in scope, adverse, short-term in duration, and minor in intensity.   

4.5.3.2 Search and Recovery 

Estimates of noise levels on the ground under search and recovery aircraft would be similar to 

those under the No Action Alternative, but the number of search and recovery operations would 

be greater.  Accordingly, the noise impact from search and recovery operations would be greater 

than the No Action Alternative.   

A key difference between Alternative 1 and the No Action Alternative is the level of recovery of 

spent rocket stages. Under the No Action Alternative, the payloads that would be recovered 

would most likely return to land via parachute, requiring relatively little on-the-ground 

manipulation that could generate elevated sound levels.  In the case of removing spent stages, 

some of which would land and embed nose-down, it is likely that power tools could be needed to 

cut the motor into manageable sized pieces or to cut off the stage to below ground level in a case 

where full removal would cause more damage than partial removal.  The most likely power tool 

employed would be a gasoline-powered ñcut-off saw,ò which has been found to generate sound 

levels of approximately 95 dBA at 1.5 meters (5 feet) distance (estimated at 108 dBA at the 

source) when cutting steel rebar (Eaton 2000). 

The rate at which the sound from these activities would attenuate would be highly dependent 

upon where the work is taking place and the weather conditions.  For example, conducting a 

recovery and disassembly operation on a day with little wind within an open, rocky area with 

little buffer between the activity and a receiver could result in sound levels in excess of 40 dBA 

at 1.1 kilometers (0.7 miles).  However, performing the same work within an area of dense 

conifers could result in additional attenuation on the order of 5 dB for every 30 meters (100 feet) 

of distance (per the curves presented in Aylor  [1971]), resulting in 40 dBA at an approximate 

distance of 120 meters (400 feet).  

The presence of deep powder, which would occur on downrange lands during recovery of an off-

nominal flight in winter, can also provide substantial attenuation (and was not considered in 

either case presented above), further reducing the intensity of the sound.  A study conducted for 

the National Park Service by the U.S. Department of Transportation found deep snow to provide 

an additional attenuation of nearly 5 dB per doubling of distance from the source 

(USDOT 2008).   

In summary, sound levels generated from disassembly of rocket motors would likely be above 

background levels within the downrange lands; however, in either scenario, the sound generated 

would be short-term (i.e., generally less than an hour per motor), infrequent, and depending on 

specific conditions, would be confined to a limited distance from the source. 
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Overall, noise generated by Alternative 1 search and recovery would be considered regional in 

scope, adverse, medium-term in duration, and moderate in intensity.  

4.5.4 Alternative 2 ï Maximum Cleanup Search and Recovery  

4.5.4.1 Launch Operations 

Under Alternative 2, noise impacts from routine operations and launch activities would be 

similar to those under the No Action Alternative and Alternative 1.  The noise impact from 

routine PFRR activities, employee vehicles, and delivery vehicles would be regional, adverse, 

long-term, and minor.  The noise impact from rocket launches and spent-stage reentry and 

impact would be regional in scope, adverse, short-term in duration, and minor in intensity.  

4.5.4.2 Search and Recovery 

Estimates of noise levels on the ground under search and recovery aircraft would be similar to 

those under the No Action Alternative and Alternative 1, but the number of search and recovery 

operations would be greater.  Accordingly, the noise impact from search and recovery operations 

would be the greatest of the alternatives and considered regional in scope, adverse, medium-term 

in duration, and moderate in intensity.  

4.5.5 Alternative 3 ï Environmentally Responsible Search and Recovery with 

Restricted Trajectories 

Noise impacts under Alternative 3 would be identical to those identified under Alternative 1 in 

Section 4.5.3, with the exception of NASAôs restricting trajectories on future launches such that 

designated Wild and Scenic River segments or Wilderness Areas would not be allowed to have 

predicted impact points for stages or payloads within them.  These restricted trajectories could 

result in lower probabilities that future rocket launches from PFRR would impact in these areas.   

4.5.5.1 Launch Operations 

The noise impact from routine PFRR activities, employee vehicles, and delivery vehicles would 

be regional, adverse, long-term, and minor.  The noise impact from rocket launches and spent 

stage reentry and impact would be regional, adverse, short-term, and minor in intensity. 

4.5.5.2 Search and Recovery 

Since the Wild and Scenic River segments or Wilderness Areas may attract a greater number of 

visitors due to their designations, avoidance of these areas would result in fewer search and 

recovery actions within the area and less potential noise impacts on visitors. 

The noise impact from search and recovery operations would be regional, adverse, medium-term, 

and moderate in intensity. 
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4.5.6 Alternative 4 ï Maximum Cleanup Search and Recovery with Restricted 

Trajectories 

Noise impacts under Alternative 4 would be identical to those identified under Alternative 2 in 

Section 4.5, with the exception of NASAôs restricting trajectories on future launches such that 

designated Wild and Scenic River segments or Wilderness Areas would not be allowed to have 

predicted impact points for stages or payloads within them.  These restricted trajectories could 

result in lower probabilities that future rocket launches from PFRR would impact in these areas. 

4.5.6.1 Launch Operations 

The noise impact from routine PFRR activities, employee vehicles, and delivery vehicles would 

be regional, adverse, long-term, and minor.  The noise impact from rocket launches and spent 

stage reentry and impact would be regional, adverse, short-term, and minor in intensity. 

4.5.6.2 Search and Recovery 

Since Wild and Scenic River segments or Wilderness Areas may attract a greater number of 

visitors due to their designations, avoidance of these areas would result in fewer search and 

recovery actions within the area and less potential noise impacts on visitors.  

The noise impact from search and recovery operations would be regional, adverse, medium-term, 

and moderate in intensity. 

4.5.7 Summer Launches 

The noise generated from rocket launches and spent stage reentry and impact would continue to 

be regional, adverse, short-term, and moderate.  The noise generated from search and recovery 

operations would not likely change and would continue to be regional, adverse, medium-term, 

and moderate. 

4.6 VISUAL RESOURCES 

4.6.1 Methodology 

Visual resource assessments in this section are based on a description of the viewshed and the 

U.S. Bureau of Land Managementôs (BLMôs) visual resource management (VRM) classification 

(USDOI 1986a).  A qualitative visual resource analysis was conducted to determine whether 

disturbances associated with the launch and recovery of NASA sounding rockets launched from 

PFRR would alter the visual environment of the PFRR launch site or launch corridor.  Both the 

degree of contrast between the alternatives and the existing visual landscape and the visual 

impact of a person discovering a payload or spent stage are presented.  The ROI for visual 

resources includes areas within the PFRR launch site and the PFRR launch corridor. The BLM 

VRM classification is further described in Chapter 3, Section 3.6, of this EIS. 

An impact to visual resources would be considered major if a component of an alternative were 

to change the overall appearance of the ROI and would result in a change in the BLM VRM 

classification.  A moderate impact would result in a change in the visual appearance of an area 

within the ROI and result in a change in the BLM VRM classification; however, the change 
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would be limited to a 2-kilometer (1-mile) radius surrounding the payload or spent stage.  A 

minor to negligible impact would result when there would be little or no change to the visual 

appearance of the ROI, there would be no change to the BLM VRM classification, and the visual 

impact would be limited to the immediate area surrounding the payload or spent stage.  

Regarding duration, a visual impact would be considered long-term if the effect lasted longer 

than 5 years, as could be the case if a payload or spent stage were left in an area with high 

visibility for more than 5 years; medium-term if the payload or spent stage were left unrecovered 

in an area with high visibility for 1ï5 years; and short-term if the payload or spent stage were 

recovered within 1 year of being launched or located in an area with high visibility. 

4.6.2 No Action Alternative 

4.6.2.1 Launch Operations 

Launch Site 

The PFRR launch site consists of a developed area with offices, rocket launch facilities, a 

blockhouse, pad support, and a rocket storage building.  Under the No Action Alternative, no 

measurable changes would be made to the appearance of the PFRR launch site. 

Rocket Flight 

During the launch of a sounding rocket, the vehicle propels a scientific payload to the upper 

atmosphere, after which the payload and spent rocket stages fall back to Earth along a parabolic 

trajectory.  Most launches would occur at night.  When launched, the sounding rocket can be 

seen for approximately 20 seconds from the PFRR launch site before disappearing.  Figure 4ï6 

shows a NASA sounding rocket launch from PFRR in April 2011.  

 

Figure 4ï6.  Sounding Rocket Launch at Poker Flat Research Range 
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The impact on visual resources from the launching of sounding rockets would be minor and 

short-term.  No change in BLM VRM classification (USDOI 1986a) would be anticipated for 

the areas within the PFRR launch corridor. 

Flight  Hardware 

When the payloads and spent stages return to the Earth, they land within the PFRR launch 

corridor.  Figures 4ï7 through 4ï9 show sounding rocket stages that have landed within the 

PFRR launch corridor.  Payloads and spent stages that would occur under the No Action 

Alternative would have similar appearances, as presented in Figures 4ï7 through 4ï9. 

 

Figure 4ï7.  Spent Stage Within Poker Flat Research Range Launch Corridor 

 

Figure 4ï8.  Aerial View of a Payload Within Poker Flat Research Range 
Launch Corridor  
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Figure 4ï9.  Payload Within Poker Flat  
Research Range Launch Corridor 

Discovery of spent stages or payloads within the PFRR launch corridor could negatively impact 

some visitorsô experience.  Others may find it a positive experience to discover a spent stage or 

payload.  In 2010 and 2011, the University of Alaska Fairbanks (UAF) and NASA received 

feedback from users of the areas within the launch corridor who have located spent stages and 

payloads.  The comments received expressed both positive and negative reactions of these 

visitors from locating the spent stages and payloads within the launch corridor.  The visual 

impact would be on a person-by-person basis and would be influenced by the perception of the 

individual.   

The intensity of the impact would be dependent upon where flight hardware is located and how 

often it is seen by users of the downrange lands.  It is likely that given the remote and vast nature 

of the launch corridor, many stages and payloads would go unnoticed.  In that case, there would 

be little or no impact.  In contrast, although the physical extent of the impact site would be small 

and limited to the area immediately surrounding the payload or spent stage (thereby deemed 

minor in most circumstances), its long-term presence in a high-value environmental feature such 

as a Wild River or Wilderness Area would most likely be considered a moderate impact.  The 

duration of impacts on visual resources would vary depending on how long the stages and 

payloads were left unrecovered.  In general, few payloads (and even fewer stages) would be 

recovered.  Accordingly, impacts would most likely be long-term.  

4.6.2.2 Search and Recovery 

Searches for the payloads and spent stages would be conducted by fixed-wing aircraft, as 

discussed in Appendix F.  Due to the vastness of the PFRR launch corridor, payloads are often 

not visible and difficult to locate.  Brightly colored parachutes are deployed with some payloads 
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